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10 title of imrmnm 

METHOD FOR INCREASING PRODUCT! 0H OF BISULFIDE 
BONDED SECOMBISAHT B10TEIMS BT SfflSffiDMQM 

15 

BAClCGROtmD OF THE IUVSNTIOK 

Protein disulfide iso»erase <PDI) is an 
eassysae involved in the catalysis of disulfide bond 
fotMtion in Secretory and cell-surface proteins, 
20 Using an oligonucleotide designed to detect the 
conserved "thioredoxin-like" active site of 
vertebrate FBI's (WCSHOO <SBQ.ID.HO-: 1), we have 
isolated a gen® encoding PDI from the lower enkaryote 
Sa : ce.faftroayces cerevisiae. The nucleotide sequence 
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and deduced open reading frame of the cloned gene 
predicts a 530 amino acid protein of molecular weight 
59,082 and pi of 4.1, physical properties 

5 characteristic of mammalian Wis . Furthermore, the 
amino acid sequence shows 30-32% identity and 53-561 
similarity with mammalian and avian FBI sequences and 
hag a very similar overall organ i rat ion, namely the 
presence of two 100 residue segments, each of 'which 

jq is repeated, with the most significant homologies to 
mammalian and avian H>Xs being in the regions (a, &'} 
that contain the conserved "thioredoxin-l : he" active 
site, The ft»ferminai region has the characteristics 
of a cleavable secretory signal sequence and the 

IS C~ter»inal four amino acids ( -HBBL > ( SEQ , ID < NO . : 2) 
are consistent with the protein being a component of 
£. ejirjivixiaJl endoplasmic ret ionium (EtR.. }, 
Transf ormants carrying multiple copies of this gene 
(designated PSI1) have 10-fold higher levels of FBI 

20 activity and overexpress a protein of the predicted 
molecular weight. The PBll gene is unique in the 
yeast genome and encodes a single 1 , 8kh transcript 
that is not found in stationary phase cells, nor is 
it heat-indue i hie. Disruption of the Mil g«ne is 

25 haplo-lethal, indicating that the product of this gene 
is essential for viability. 

Protein disulf ide-isomerase <PM), an ea-jsyme 
which catalyses thiol : disulfide interchange 
reactions, is a major resident protein component of 

30 the E.R lumen in secretory cells, A body of 

evidence on. the enzyme's cellular distribution, its 
subcellar location and its developmental properties 
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suggests that it plays a role in secretory protein 
biosynthesis (Freedman, 1984, Trends Biochem, Sci > 1, 
pp. 438-41) and this. 1 is supported by direct 

5 cross-linking studies in .situ. (Roth and Pierce, 1937, 
Biochemistry, 2&. > pp ; *l?9~82) . The finding that 
microsomal membranes deficient in FBI show a specific 
detect in cotranslational protein disulfide formation 
(Bulleid and Freedman, 1988, Mature, 135, pp. 649-51) 

10 implies that the ensyme functions as a catalyst of 
native disulfide hond formation during the 
biosynthesis of secretory and cell surface proteins. 
This role is consistent ^ith ^hat is know of the 
enzyme's catalytic properties Is 3&&E&; it catalyses 

15 thiol: disulfide interchange reactions leading to net 
protein disulfide formation, breakage or 
isomer i*ation> and can catalyze protein folding and 
the formation of native disulfide bonds in a wide 
variety of reduced, -unfolded protein substrates 

.2.0- (Freedman Ml aJL , 1989 , Biochem > Soc. Syap. * 

pp . 167-192 } , The DMA and amino acid sequence of the 
enzyme is hnotm for several species (Seherens, B. g& 
8X, , 1991, Yeast, 7, pp. 185-193 ; Farcuhar, R. , gfc. 
&L>, 1991, Gene, M, .pp. 81-89) and there is 

2§ increasing information on the mechanism of action of 
the ensyme purified to homogeneity from mammalian 
liver (Creighton e.fc mi- , 19S0, J, Hoi, Biol., 1.42.., 
pp, 43-62; Freedraan et al, , 1988, Biochem. Soc. 
Trans., 16, pp. 96-9; Gilbert, 1989, Biochemistry 2.8 , 

30 pp. 7298-7305; Lundstrom and Holmgren, 1990, J. Biol, 
Chem. , 265, pp, 9114-9120 ; Hawkins and Freedman, 1990 s 
Biochem, J,, 2.11, pp. 335-339). Of the many protein 
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factors currently implicated as mediators ox protein 
folding, assembly and translocation in the cell 
(Rothman, 1989, Cell 11, pp. 391-601), PDI is unusual 

§ in having a well-defined catalytic activity. 

PDI is readily isolated from massaaliars 
tissues and the homogeneous enzyme is a homo&imer (2 
x 57&XO with characteristically acidic pi (4.0-4,5) 
(Si II son st al. , 1984, Methods Eraysol . * ML, 

IQ gp .'281-292). The enzyme has also been purified .from 
wheat and from the * " - r^rr-g-ri - 

(ICasha at - , 1990 Bioehem. J . 2J8, pp. 63-68), The 
activity has been detected in a wide variety of 
sources, and in a preliminary report, FBI activity 

15 was claimed to be detectable in siMilist 

(Williams et al< » 1968, FEBS Letts,, 1, pp . 133-135} . 
Recently, the complete amino acid sequences of a 
number of FBIs have been reported, largely derived 
from cloned c» sequences; these include the PDls 

ao from rat (Edman st 4l. , 1983, Ratuxe, Mlt 

pp. 267-270) bovine (Xamauchi *jfc 1987, Biochem, 

Biophys, Res, Com., 1M, pp. 1485-1492) human 
(Pihlaj&niemi g& £L. ■, 1987. EMRO J . » &, pp, 643-9), 
yeast (Scherens, B , , gt , supra; Farquhax, R. st 

25 &I. , supra) and chick (Rarh&enen at &2L, , 1988, 

Biochem . J . , 256 . pp. 1005-1011.) - The proteins from 
these vertebrate species shot* a high degree of 
sequence conservation throughout and all show several 
overall features first noted in the rat FBI sequence 

30 (Bdman sL £L- 1985 supra). The most significant is 
the presence within the FBI sequence of two regions 
of approximately 100 residues strongly homologous to 
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each other and closely related in sequence to 
tnioredoxin, a small redox active- protein containing 
an active site disalfide/dithiol couple formed 

s between vicinal Cys residues. In th.ioredoad.ft the 
active site sequence is MCGPCK (SEQ.XB.JSO, ; 3} s 
whereas the corresponding region, found twice in ?M , 
has the sequence VCGKCK (SBQ.lthHOt : I). (Other 
repeats, motif and homologies identified within til© 
FBI sequences are discussed below). 

Sequences corresponding to, or closely 
related to FBI have been identified in mik aimed at 
analysing functions other than disulfide bond 
format i on < For example, there is clear-cut evidence 

15 that FBI acts as the B snban.it s of the tetxameric 
•CfejB^ enzyme proiyl-^-hydroscylase » which catalyses a 
major post^translational modification of nascent or 
newly- syntnes i sed procollagen polypeptides within the 
I.E. (Pihiajaniemi £t at . 1987, supra; Koivn at &1< , 

20 1987, J, Biol, Chea. , 2&Z, PP- 6447-49)), There is 

also evidence suggesting that FBI participates in the 
system for cot ranslational M-glycosylation 
{Seetha-Hahih e± aX, , 1988, Cell, pp. 63-68) and 
recently the proposal has been made that the exmyme 

25 participates in the complex which transfers 

triglyceride to nascent secretory lipoproteins 
(Wetterau §& al. , 1990, J . Bioi< Chem. , $M, 
pp. 9800-7} . Thus, FBI may be multifunctional in the 
co- and post-translationai modification of secretory 

30 proteins (Freedman, 1989* Cell, .SI, pp. 1069-72). 

The vast majority of mammalian secretory 
■proteins contain multiple intramolecular and/or 
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intermolecular disulfide bonds « Examples include 
But are sot limited to, pituitary hormones , 
interleutins , immunoglobulins ; proteases and tfceix 

5 inhibitors and other serum, proteins . Such proteins 
are among the prime targets for commercial genetic 
engineering, hut early experience in. their expression 
in bacteria and yeast has highlighted a number of 
problems in obtaining them as functionally active 

IQ recombinant products. This has drawn attention to 
the need for a better understanding of 
post -trans I a t i onal modifications in general, and of 
protein folding and disulfide bond formation in 
particular . 

15 Disulfide bonded proteins comprising a 

single folded domain can, in general, be fully 
reduced and denatured and subsequently renatuxed Is 
vl.t.r.O. to generate the correctly disulf ida~-linked 
state in reasonable yield. The process involves 

2o rapid formation of a mixed population of many 
differently disulfide bonded forms which slowly 
isomeric to give the native disulfide pairing. The 
process is catalysed by thiol/disulfide redox buffers 
(e.g. GSH and GSSG) and by alkaline pH. Low protein 

25 concentrations are required to prevent precipitation 
and interchain disulfide formation. In general the 
rate of formation of the native protein, and the 
optimal obtainable yield, both decrease as the mnmber 
of intramolecular disulfides increases. The problem 

30 is compounded in proteins containing multiple 

disulfide bonded domains (e.g. tissue plasminogen 
activator) in which each domain must fold and form 
its native disulfide bonds independently, 
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The process of disulfide bond formation is 
vivo occurs co-transiat i on al ly or as a very early 
post-translational event. Studios on nascent and 

5 newly synthesized secretory proteins in the lumen of 
the E.R. in mammalian cells show that native 
disulfide bonds are already forced. The process in 
y±yo appears to be catalyzed by the enzyme, protein 
disrilf ide-isomerase which is an abundant protein in 

IQ secretory cells and is located at the luminal face of 
the endoplasmic reticulum [Freeman, E.B. , 1984, 
Trends in Biochemical Sciences t 9, 438-4413 , This 
enzyme A& vitr o, catalyzes thiol jp.rotein»disulf ide 
interchange reactions in a wide range of protein 

iS substrates and has the properties required of a 
cellular catalyst of native protein disulfide 
formation [Freedsaan, ft.B. 1984, Bioe&em, Soc . 

Praxis,, .1.2, 939-9423, Further evidence for its role 
include (i) that its tissue distribution matches that 

20 of the synthesis of disulfide bonded secretory 

proteins [Broctoay, BCE. e.t al- * 1980, Sioehem, J,, 
191. 873-876], and (ii) that in a number of systems 
the amount of ensyme present varies in parallel with 
a physiological change in the rate of synthesis of 

as disulfide bonded secretory protein [Brockway, B.E> 

ll. s 1980, Biochem 3,, 121, 873-876; Freedman E.B , e„t 
al, , 1983, in 'Tenet ions of Glutathione: 
Biochemical, Physiological, Tosdcologieal &. Clinical 
Aspects' 1 - eds , A. Larsson, S . Orrenios, A. Holmgren 

30 &. B. Mannexvih, Raven Press, Hew York, pp. 2? 1-282; 
Paver, J,L, sdt , 1989, FFBS Letters, 2&1* pp. 
357-362] , 
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The er.vr.'-.c has been characterized in a 
number of animal sources [Lambert, N. and Freedman, 
E>B. , 1983, Biochem. j , s 211 > PP- 225-234], and in 

s wheat [de Azevedo, G.K.V, gt si., 1983, Bioehem. Soc. 
Trans,. , 12, 1043], and a striking conservation of 
molecular and .kinetic properties has been so'ted 
[Freedman, KB. at al , , 1984, Biochem. Soc . Trans, 
12, pp. 939-942; Brockwayt B,B. and Freedman, R.'B. , 

10 1984 s Bioehem J, , 219 . 51-59], However the enzyme 

has not been throughly studied in lower eukaryotes or 
in bacteria. The strong homologies between yeast and 
higher eukaryotes in the mechanisms and molecular 
components involved in secretion strongly suggest 

15 that the ensyme or an analogue is present in yeast, 
since at least eosse yeast secretory proteins (e.g. 
filler toxin) contain disulfide bonds, 

The application of yeast as a versatile host 
for the expression of commercially-important 

20 mammalian proteins is compromised, to some extent, by 
the .limited capacity of the yeast, secretory system 
and by some differences between it and that of higher 
eukaryotes (e.g. in glycosylation) . 

25 The, present invention provides a novel 

process for the production of disulfide bonded 
proteins in a recombinant host cell over expressing 
the enzyme protein disulfide isomerase, and provides 
recombinant yeast cells which overexpress protein 

30 disulfide isomerase. The present invention also 
provides recombinant yeast host cells which 
substantially and unexpectedly increase the secretion 
of a recombinant disulfide bonded, secreted protein. 
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DM encoding human and yeast protein 
disulfide isojnera.se (FBI) is isolated and cloned into 
expression casettes or vectors comprising a promoter 
and transcription terminator. The expression 
casettes or vectors containing FBI -encoding BHA are 
transferred into host cells which, as a result, 
overproduce FBI protein. These FBI. overproducing 
ceils are used as recombinant hosts for the 
expression of disulfide bonded proteins < Secretion 
of disulfide bonded proteins is substantially 
increased in FBI overproducing host colls compared to 
host cells producing normal levels of FBI. 



20 Figure 1 shows the $1>S-PA£E analysis of a 

cell-free lysate of an S, £&£&yin.i&& 
transformed: carrying a yeast- 
FBI-encoding gene on a multicopy 
piasmid, 

25 

HmULJ, shows the dot plot alignment between 

yeast FBI and rat FBI using the 
1 CQMPAIOS 8 and * BOXFLOT 1 software 
(WGCG) , the domain structure of 
30 mammalian FBI shown on the same scale 

and below the alignment. 
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Figure 3 depicts the strategy and shows results 

for disruption of the yeast Mil gene; 
Panel (b) shows the results for tetrad 
analysis of the His* AS3324 strain 
heterozygous for the pMlijEX.O. 
disruption. 

ligMM^A shows the structure of plasmid plKClM, 

Figure 5 shows the structure of plasmid 

pTJC-ySF-hPM' . 



15 



Figure 6 shows the -structure of plasmid p*01 s 

which is also known as 
pUC18-GAL10p{B)AI>Hlt - 



Fj^uxe.,7. 



shows the structure of the plasmid 
pGCXS~GM,i0p~yPM«AjDHXt . 



illustrates the structure of plasmid 
pWes2/ATS> which is also known as 
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illustrates the structure of 
. Yl#a4-eAL10p~yPP.X . 



illustrates the structure of 



Figure 11 



illustrates the structure of 
pTJC^GALl / 10-hPDX /ATS . 



Fi gure 12 illustrates the structure of 
pg«ALl/10~yPDl/ATS, 
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The process of protein folding and seereti&a 
in yeast is very complex, involving more than 30 gene 
products, based on genetic studies (Fransusoff ♦ A, e± 
al, , 1991, Methods Ensymology, 194 . pp. 662-674), 
These include peptidyi prolyl cis~trans isomerases, 
FBI and other thioredoxin-like proteins, BiP, various 
molecular ehaperones <&sg?0, hsp60, etc,), signal 
peptidase, signal recognition protein, the various 
proteins involved in translocation of precursors into 
the E.R, , the various structural and functional 
components of the IE, Goigi , and secretory vesicles 
plus many proteins not yet charact8xi««d (Fransuoff, 
A. , fit js3L, j IWl, supra; Eothman, J.E. and Orel I*. , 
1992, Mature, l£i> pp. 409-415; Sething, H.G, and 
Sambrook, £< » 1992, mM£3> 2M, PP- 33-45 >. In vim 
of this complexity, it would seem very unlikely to 
one of ordinary skill in the art that increasing the 
levels of only one component <i.e, FBI) would be 
likely to substantially improve secretion of a 
particular heterologous protein. Therefore, the 
present invention provided very unexpected results in 
that increased levels of ml alone caused a 
significant and substantial increase in the levels of 
secreted proteins, for example ant i stasia, a 
phenomenon which is likely to be related to improved 
protein folding and/or disulfide bond formation. 

Tk& present invention relates to a method 
for increasing the production of recombinant proteins 
by recombinant host cells, by overexposing bra 
encoding protein disulfide isomerase {FBI), FBI as 
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used herein refers to an enzyme which specifically 
catalyses the formation of intramolecular and 
Intersoiecuiar disulfide bonds. 

s The DBA sequence of FBI genes from several 

species is known in the art- These species include 
but are not limited to» human, bovine, rat, chicken 
and yeast. [Hizimaga .tt 1990, J - Bioehem, > 1M, 

pp. 846-851; Scherens ej; , 1991, least, I, 

10 pp. 185-1931. 

Starting material for the isolation Of 
PBI-encoding WA may be any cell or tissue type 
including but not limited to mammalian and other 
vertebrate cells and tissue, as well as lower 

l5 eukaryotic cells and tissue. The present invention 
is demonstrated using- yeast and human FBI expressed 
in recombinant yeast host, cells. It is readily 
apparent to one of ordinary skill in the art that the 
present invention extends to and encompasses other 

20 expression hosts including, hut not limited to, 

mammalian cells, plant cells, prokaryotic cells such 
as bacteria, insect cells and lower eukaryotic cells 
such as yeast and filamentous fungi. Furthermore, it 
is readily apparent to- one of ordinary skill in the 

25 art that the. use of FPX encoding DMA derived from 
sources other than yeast and human cells is 
encompassed by the present, invention. Other sources 
of HDX -encoding DMA include, but are not. limited to, 
vertebrates other than hitman such as rat and mouse , 

30 non vertebrates such as insects, and lower enkatyotes 
such as fungi . 
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Microsomal membrane fractions prepared from 
gj :.y.isias - t.h metho of R thblatt and Meyer 
(1986, Cell, M, pp. 619-28) fca4 low levels of protein 

5 disulfide isomerase (FBI) activity which were 

enhanced between 8-20 fold by soaication, This 
suggested the presence within the lessen of the yeast 
endoplasmic reticulum of en enzyme comparable to FBI 
found in the same cellular' compartment in vertebrates 

10 (Mills fit al., 1^83, Biochem. J., 213. pp. 2*5-8); 
Lambert and freedssan, 1985 , Biochem. , J. £2.8, 
pp. 835-45) and wheat (Roden „e.t fil< , 1982, FEBS Lett,, 
138, pp. 121-4) > The gene coding fox FBI was cloned 
assuming homology to the higher euharyotic ensymes, 

j 5 The region most likely to show strong conservation 
would be the a and t. ! domains which, are higMy 
conserved in vertebrate H>Xs and show very strong 
homology to thioredoxin particularly in the region of 
the two functional dithiol active sites; the 

2o consensus sequence for the active site is FYAPWCGHCK 
<SEQ.XD.K0. : 4)<Perhomien .et al, , 1988 supra), A 
non-redundant 38-sser oligonucleotide was designed 
based on yeast codon bias (Sharp g&. si. , 1986, 
Hu.cleic Acids Res,, 14, pp*S125~43.) which was 

25 end -labelled .and used to screen a yeast genomic 
library constructed in the multicopy YFp piasmid 
pMA3a (Cr onset and Tuite, 1887, Hoi. Gen- Genet , , 
.210. pp 581-3), Two strongly positive clones 
(designated C? and €10) vara recovered frcms the 

30 screen and preliminary restriction mapping revealed 
insert sizes of l*k,b 'antf i4,Skh, respectively, with 
the two inserts showing a number of restriction sites 
in common. The insert of clone C7 was further 
analysed, 



WO 93/25676 



PCT/IJS9.V05318 



- 14 - 

To confirm that clone C7 did indeed encode 
FBI , the yeast ££iS2ilii§ strain HMO /4c [j* 
oral lilt 3 Imtl Trsite et sl-, 1986, E.M, B.O.J, , 1, 

g pp. 603-608] was transformed with clone C? and with 

the patent pi asm id pBA3a . SDS-PAGE analysis revealed 
that the C? transformant overexpressed a major SdltPa 
polypeptide and possibly a second polypeptide of 
approximately 7:7*8* (Figure 1), Furthermore, when 

IQ the cell-free lysates of the two strains were assayed 
for FBI activity, the C7 transf ormant showed 10-fold 

-5 

higher levels of FBI activity (38.6 x 10 Wm 
protein). These two lines of evidence supported the 
notion that the C? clone encoded FBI and not 

15 thioredoxin since £- geg-evlsiae thioredoscin, which 
has the active site sequence WCSPCK s 3), 

has a siol.ec.nlar weight of approximately X2M>a CPcrone 
£t al,, 1970, J. Biol. Che*. , MS., pp. 2363-70), 
To localise the putative FBI coding 

20 sequence, the C7 clone was digested with a variety of 
restriction enzymes , the digests transferred to 
•nitrocellulose and probed with the "active 
site" oligonucleotide described above. The procedure 
identified a Skb MmHI~£&iX fragment and two 

25 apparently adjacent HindllX fragments of 5.0 and 

4,5hb respectively. The latter pattern suggested the 
possible existence of two targets for the "active 
site** probe as would he predicted for FBI which 
contains two copies of the active site. Preliminary 

30 BHA sequence analysis from the two Hindi!! sites 

revealed an open reading frame with weak homology to 
vertebrate FBIs, but also demonstrated that there 
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must be a further Hind 111 site since they were not 
contiguous sequences. Detailed restriction mapping 
couplet with DMA sequencing confirmed this 
assumption. Using natu tally occurring restriction 
sites and oligonucleotide primers a 2.5kb 
Ijj3$IIX~l£&RX fragment encompassing the two adjacent 
Hlnd llX sites was sequenced on both strands. 

The DM sequence predicted a single open 
reading frame of 1593bp with the potential of 
encoding a polypeptide of 530 amino acids of 
predicted molecular weight of 59,082 (Parquhar , E» , 
et ai. , supra, see Figure 2). The open reading frame 
had a codon bias typical of yeast mEKAs that encode 
moderately abundant proteins (Bexmetzen and Hall, 
1982, J, Biol. Chem,, 2.57., pp < 3029-3031) ; the 
calculated codon bias index was 0,50. 

Analysis of the determined nucleotide 
sequence reveals a number of standard yeast promoter 
and t&r&inator motifs (Fatipshar > K< £t al<, supra, 
see Figure 2) .. These include a TATA box homology as 
part of a (TA) 1 4 sequence located between -100 and 
-128 relative to the open reading frame, and a 
pyrimidine rich region (34 out of 37 nucleotides) 
between position -201 and -238. At the 3' end of the 
open reading frame, following the TAA translations! 
terminator there are homologies to both the sequence 
postulated to be a signal for transcription 
termination and/or polyadenylation in £. tereyi t;cat 
(Zaret and Sherman, 1982, Cell, 28, pp. 563-73) and 
the eukaryotic polyadenylation site (Proudfoot and 
Brownlee, 1976, Nature, Mi, PP- 211-4} . 
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To determine whether this cloned gene was 
transcribed, an SOObp HindlXI-Stnl fragment internal 
to the open reading frame was used to probe a 

s Northern blot of total &NA samples prepared fro® two 
different strains o! 1 erj Lsii 4c and SRQ2n 

[a/a adel/4 ade2/+ Msl/ + ; Gas ion j?„t al- . 1979, J, 
Biol Chest. > 25.4, pp. 3965-3969]) grown on two 
different carbon sources , glucose and acetate, to 

IQ different stages of the growth cycle , In 

exponentially growing cells a single l.Skb transcript 
was detected on glucose and acetate grown cells, 
while the transcript was barely detectable in 
non-growing ceils. The sise of the transcript was as 

15 predicted by the open reading frame allowing for 
approximately 200 nucleotides of non-translated 
sequence in 5» and 3' regions of the mEHA, 

The predicted amino acid sequence strongly 
suggested that this was indeed PIS for the following 

20 reasons : 

<i) it bad a predicted molecular weight of 
59hl)a and pi (4.1) characteristic of 
mammalian PDlsj 
<ii) the amino acid sequence showed 30-321 

2s . overall identity and 53-56% overall. 

similarity with previously reported 
mammalian and avian P.D1 sequences, as 
defined by BEST? XT software <UWGCG } 
University of Wisconsin); and 

30 (iii) it contained two copies of the 

,i thioredoxim»Xibe H active site 
at positions 58-65 and 403-410 in the 
amino acid sequence - 
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Furthermore, these sequences were part 
of larger internal duplications of 
approximately 100 amino acids which 
5 show strong amino acid identity with 

the duplicated a/ a' regions within 
mammalian FBI (Figure 2) . Alignment, of 
the yeast and mammalian FBI sequences 
a.l so revealed other regions, outside 
IQ the a and a« regions, which showed 

significant homology (Figure 2) . 
In addition, two other features of the 
encoded polypeptide suggest it is a component of the 
.§> eerevisiae endoplasmic .reticulum; the protein 
15 encodes a very hydrophobic B-terminal sequence with 
the characteristics of a putative secretory signal 
(Gierasch, 1989, Biochemistry, 1, pp. 923-930) and 
the four C-terminal amiho acids are identical to 
those in yeast BiP (Sormington jgt .al. , 1989, Cell, 
20 52.* pp, 1223-36) and have been reported to be the 
endoplasmic reticulum retention signal for £< 
■ G *t * wi*,j&* (Felham sfc al ? , 1988, SHBO J - , 1, 
pp. 1757-62). 

We have designated the cloned cerevi siae 
25 mi gene PM1, The aiffikkg ml gene is 

present in only one copy in the genome. This was 
confirmed by high stringency hybridisation using the 
0 8tb HindllX htuJ fragment described a\ >ve a a 
probe against a variety of genomic digests, 
3D To determine whether the single Egll gene 

was essential for viability we constructed a null 
allele in which the 1.8~bh SamHI fragment carrying 
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the . HI S3 gene [HontleX s 6.F. at. Sl> , Mncleic 
Acids Res., 12, pp. 1049-10683 was inserted into the 
tfitfeit the PK2J ( n ?e uence Figure 

g 3 ) « f * > ' s N $ e " 

(AS3324; [Spalding, A. , 1988, Ph. B. Thesis, 
University of Kent]} was transformed with, a TMh 
fragment carrying the pjliLuJXSl disruption to 
replace one of the two chromosomal copies of the M>11 

iO gene with this non-functional allele. Three HIS* 
AS3324 transformants (II, T2 and Y3> were studied 
further and in each case speculation of the diploids 
produced only two viable spores per tetrad (Figure 3) 
all of which were his"'. This result indicates that 

15 the lethal phenotype was associated with piiLLLHI&l 
mutation* That the correct gene replacement had 
arisen in the HIS* transf ortnants YI and Y2 was 
confirmed by Southern hybridisation to blotted yeast 
genomic DM digested with £§£.£ using the 800 bp 

20 tadXIX-StsX fragment as a probe. Since the FPU 

gene contains no internal Est! sites (Figure 3) but 
the mSl gene does contain a single tsstX site (Figure 
3) this should allow simple identification of the 
ni.i.l.;..;..IIi>Ii allele. As predicted in the untransf ormed 

25 strain AS3324, a single 9kb F.S.tI fragment was 

detected while in the Tl and 12 transf ormants two 
bands of 9hb and 2.2kfc were detected with the 9kb 
band presumably consisting of two bands of different 
origin. These data confirm that the EEL! gene on one 

30 Of the two chromosomes had been replaced with the 

HI S3 allele and that such an event was hapio-lethal. 

Any of a variety of procedures may be used 
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to molecular ly clone yeast FBI-encoding DMA < These 
methods include, but axe not limited to, direct 
functional expression of the FBI gene following tfce 

5 construction of a. ?BI containing SNA library in an 

appropriate expression vector system. Another method 
is to screen a FBI containing BHA library constructed 
in a bacteriophage or piasmid shuttle vector with a 
labelled oligonucleotide probe designed from the 

10 amino acid sequence of the FBI prdteixjs. The 

preferred method consists of screening a human or 
yeast FBI-containing genomic BHA library constructed 
in a plasmid shuttle vector with a deduced BHA prohe 
encoding the known amino acid sequence of t&e enssyiae 

15 active site. 

It is readily apparent to those skilled in 
the art that other types Of libraries, as well as 
libraries constructed frost other cells or cell types, 
Bay be useful for isolating FBI encoding BHA, Other 

20 types of libraries include ( hut are not limited to > 
cDMA and genomic BHA libraries derived from other 
huiaan, vertebrate, invertebrate, and lower eukaryotie 
cells or Cell lines, other than yeast cells, 

It is readily apparent to those skilled in 

25 the art that . suitable cBHA libraries may be prepared 
from cells or cell lines which have FBI activity. 
The selection of cells or cell lines for nse in 
preparing a cBHA library to isolate FBI eMA may he 
done by first measuring cell associated FBI activity 

30 -using the procedures described fully above. 

Preparation of cBHA libraries can he 
performed by standard techniques well known in the 



art. Well known cBNA library construction techniques 
can be found for example, in Hani at is, T, , Fritseh, 
E.F. , Sambrook, J. , Molecular Cloning: A Laboratory 
Manual (Cold Spring Harbor Laboratory, Cold Spring 
Harbor, Hew York, 198Z>. 

It is also readily apparent to those skilled 
in the art that FBI-encoding UNA may also be isolated 
from a suitable genomic MA library. 

Construction of genomic MA libraries can be 
performed by standard techniques well known in the. 
art, Well known genomic MA library construction 
tecMques can be found in Mani&tis, T, , Fritseh, 
E.F, , Sarah rook, J. in Molecular Cloning: A Laboratory 
Manuel (Cold Spring Harbor Laboratory, Cold Spring 
Harbor, New York, 1982). 

The cloned PDI obtained through the methods 
described above say he recombinantly expressed by 
molecular cloning into an expression vector 
Containing a suitable promoter and other appropriate 
transcription regulatory elements, and transferred 
into prokaryotic or eukaryotic host, cells to produce 
recombinant FBI . Techniques for such manipulations 
are fully described in Maniatis , T, g£ al, , mm®, 
and are well. known in the art. 

Expression vectors are defined herein as MA 
sequences that are required for the transcription of 
cloned copies of genes and the translation of their 
mRMAs in an appropriate host. Such vectors can he 
used to express enkaryotie genes in a variety of 
hosts such as bacteria, hluegreen algae, plant cells, 
fungi, insect cells and animal cells.. 
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Specifically designed vectors allow the 
shuttling of D.NA between bests, such as between 
bacteria-yeast or bacteria-animal cells. An 

5 appropriately constructed expression vector shots Id 
contain: an origin of replication for autonomous 
replication in host ceils 5 selectable markers, a 
limited number of useful restriction ensyme sites, a 
potential for high copy number, and active 

i0 promoters. A promoter is def ined as a DHA sequence 
that directs RHA polymerase to bind to DMA and 
initiate RNA synthesis, A strong promoter is one 
which causes mSHAs to be initiated at high 
frequency. Expression vectors may include, but are 

15 not limited to, cloning vectors, modified cloning 
vectors, specifically designed pl&smids or viruses. 

A variety of mammalian expression vectors 
may be used to express recombinant FBI in mammalian 
cells. Commercially available massmalian expression 

20 vectors which may be suitable for recombinant FBI 

expression, include but are not limited to, pMClneo 
(Stratagene) , pXTl (Stratagene) , pSG5 (Stratagene) , 
EB0-pSV2-neo (ATCC 37593) pBFY~l(8~2) (ATCC 37110), 
pdB.P¥™HHTneo(342»12) (ATCC 37224), pRSVgpt (ATCC 

25 37199), pRSV.neo (ATCC 37198) , pSV2~dhfr (ATCC 37146), 
plTCTag (ATCC 37460), and g2iB35 (ATCC 37565). 

X>m encoding FBI may also be cloned into an 
expression vector for expression in a variety of 
recombinant host cells. Recombinant host cells may 

30 be probaryotic, including but not limited to 

bacteria, or eukaryofcic, including but not limited to 
yeast, mammalian cells including but not limited to 
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cell lines of human, bovine, porcine, monkey and 
rodent origin, and insect cells including but not 
ait :d i „, | i.a ue.s eJ eelo. lines and 

> -i n sect cells for «se with 
recombinant Baculovirus express ion systems. Cell 
lines derived from mammalian species which may he 
suitable and which are commercially available, 
include but are not limited to , CV-1 {ATCC CCL 76), 
COS-1 (ATCC CRL 1650), COS-? (ATCC CRL 1651), CHG-Kl 
(ATCC CCL 61), 3T3 (ATCC CCL 92), S1H/3T3 (ATCC CRL 
1658), HeLa (ATCC CCL 2), C127I (ATCC CRL 1616), 
BS-C-1 (ATCC CCL 26) and MRC-S (ATCC CCL 171), 

A yeast active promoter initiates 
transcription of the M>I gene in yeast hosts. 
Therefore, it is readily apparent to those skilled in 
the art that any yeas tractive promoter sequence may 
he itsed, including hot not limited to, &ALl 5 fi&LlG,. 
ML 7, 111, Ml, MM* EB&5, and GAP491 (TDH3), It 
is also readily apparent to those skilled in the art 
that a suitable assay system, t,g. , immrmoblot. or 1XA 
or ensytae-l inked immunoassay <E1A>, may he utilised 
in order to assay expression of FDI in recombinant 
hosts > 

£, c.*.<r^ ^ he / *n ■ which encode the 
ensues responsible for the utilisation of galactose 
as a carbon source for growth. The CALL > CAL2 , 
SALS, GAL/ . and GAL 10 genes respectively encode 
galactokinase, galactose permease, the major isozyme 
of phosphoglncomutase , a-D-galactose-l-phosphat e 
uridyl t ran st erase and uridine c i phosphogalactose~4~ 
epimerase. In the absence of galactose, very little 
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expression of these enayaj.es is detected. If cells 
are grown on glucose and then galactose is added to 
the culture, these three enzymes are induced 

5 coord inately, by at least 1,000-fold., (except for 

which is induced to about 5 fold) at the level 
of .RHA transcription.- The SAU, GAL2 , ML5 > and 
GAL10 genes have been moieenXarly cloned and 
sequenced , The regulatory and promoter sequences to 

xo the 5« sides of the respective coding regions have 
been placed adjacent to the coding regions of the 
lacz gene. These experiments have defined those 
promoter and regulatory sequences which are necessary 
and sufficient for galactose induction. 

15 1- ce.cevis.iae also has 3 genes, each of 

which encodes an. isozyme of M>M> One of these 
enzymes. Mil, is responsible for the abiliy of 
to utilize ethanol as a carbon source 
during oxidative growth. Expression of the ffl2 

20 gene, which encodes the ABEIl isoayse, is catabolite- 
repressed by glucose, such that there is virtually no 
transcription of the MMZ gene during fermentative 
growth in the presence of glucose levels of 0.1T4 
(w/y). Upon glucose depletion and in the presence of 

25 non- repressing carbon sources, transcription of the 
ABE2 gene is induced 100- to 1000-fold. This gene 
has been ssolecularly cloned and sequenced, and those 
regulatory and promoter sequences which are necessary 
and sufficient for derepression of transcription have 

30 been defined. 

Alpha mating factor is a se>: phenomena of &, 
cerevisjag whi'.a i »om for mating between 
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and MAT a cells, This tr idecapeptide is stressed as 
a preprophetomone which is directed into the rough 
endoplasmic reticulum, glycosylated and 

s proteolyticaily processed to its final snature form 
which is secreted from ceils. This biochemical 
pathway Ms beers exploited as an expression strategy 
for foreign polypeptides. The alpha mating factor 
gene has been moiecularly cloned and its promoter 

IQ with pre~pro~leader sequence has been utilised to 
express and secrete a variety of polypeptides ♦ 
Mkewise, the gene promoter has been shown to be 

inducible by low phosphate concentrations and this 
also has utility for physiologically regulated 

IS expression of foreign proteins in yeast, 

The alpha mating factor promoter is active 
only in cells which ere phenotypically b< There are 
4 genetic loci in St. fisjgyigise, known as .SXI, which 
synthesize proteins required for the repression of 

20 other normally silent copies of a and & 

information. Temperature-sensitive (ts) lesions 
which interfere with this repression event exist in 
the gene product of at least one of these loci. In 
this mutant , growth at 35 *C abrogates repression, 

2s resulting in, cells phenotypically .a/a in which the 
alpha mating factor promoter is inactive « Upon 
temperature shift to 23«G> the ceils phenotypically 
revert, to a such that the promoter becomes active. 
The use of strains with a ts HE lesion has been 

30 demonstrated for the controlled expression of several 
foreign polypeptides, 

It is readily apparent to those skilled in 
the art that the selection of a suitable yeast strain 
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for expression of FPI encompasses a wide variety of 
candidates. Suitable yeast strains include but are 
not limited to those with genetic and phenotypie 

5 characteristics such as protease deficiencies , and 
altered glycosylate on capabilities . 

rhe genus - Is -sposed of a 

variety of species, £. cereyisiae is most commonly 
used as a host for the recombinant BEa-mediated 

IQ expression of 3 variety of foreign polypeptides. 

However, the distinctions among other species of the 
genus Saccharoiavces are not always well-defined. 
Many of these species are capable of interbreeding 
with J? >■ crnmjLpi$M» and are likely to possess 

Xg promoters which are analogous or identical to 

promoters in S oejLeyisia.e Therefore, it will be 
readily apparent to those sfci 11 e4 in the art that, 
for the expression, of FBI, the selection of a host 
strain extends to other species of the genus 

20 S&cch&ro mvces > including, but not limited to, 

MtiM, assisaiia, P.v.if.s.rmis,, isuxiJU and nmsm. 

Several yeast genera such as G.m&k&sk > 
Um$.mO&, HsM&> tmMlmmJi have been shown to 

25 contain similar metabolic pathways for the 

utilisation of methanol as a sole carbon source for 
growth. The gene for alcohol oxidase, an enzyme 
which participates in this metabolic pathway, has 
been isolated fron PichjU pA&fcj&diJ. Tbe £. pas^crsi? 

30 alcohol oxidase promoter has been isolated and shown 
to be susceptible to methanol induction of 
expression. Such an inducible promoter is useful for 
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expression of polypeptides in yeast- In particular, 
this promotes has been shown to be active on a 
plasmid for the inducible expression of heterologous 

§ genes in P. pastor is. This observation highlights 

the availability of other yeast genera to function as 
hosts for the recombinant BNA-mediated expression of 
polypeptides in active form.. Therefore, it will he 
readily apparent to those shxlied in the art. that, 

xq for the expression of M>I S the selection of a .host 

strain extends to species from other genera of yeast 
from the families MSSMjmetSSt&^3AS. and 
Cr yptococc aceae. , including, but not. limited to 

IS &&S&MX£mmm$d.$L> and To ral apsis.. 

The expression vector may be introduced into 
host cells via any one of a number of techniques 
including hut not limited to transformation, 
transaction, protoplast fusion, and elect roporat ion, 

20 The. expression vector-containing cells are clonally 
propagated and individually analysed to determine 
whether they produce Wl protein. Identification of 
FBI expressing host cell clones may be don© by 
several means, including but .not limited to 

25 immunological reactivity with anti-PD! antibodies, 

and the presence of host cell-associated FBI activity, 

Expression of PD1 DMA may also he performed 
t?sing in V.i.fcr.O. produced synthetic mRHA . Synthetic 
mBJNA can be efficiently translated in various 

30 cell-free systems , including but not limited to wheat 
germ extracts and reticulocyte extracts, as well as 
efficiently translated in cell based systems, 
including but not limited to microinjection into frog 
oocytes , 
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It is readily apparent to those skilled in 
the art that FBI may be expressed in a recombinant 
host from a recombinant expression cassette which is 

sj integrated into the heat cell genome, in single copy 
or multiple copies per cell > It is also readily 
apparent to those skilled in the art that H>X may be 
expressed in a recombinant host from a recombinant 
expression cassette which is present on an 

IQ autonomously replicating plasmid in single copy or 
multiple copies pet cell. 

The recombinant host cell expressing 
recombinant PDI may be used, in turn, as a host for 
the expression of other recombinant genes. Tbe novel 

X§ process of the present invention substantially 

improves the yield of recombinant disnlfi de-bonded 
proteins by expressing the SNA encoding the 
recombinant disulf ide»bonded proteins in a host cell 
which produces recombinant FDI. It is readily 

20 apparent to those skilled in the art tbat a variety 
of disulf ide-bonded proteins may be produced by the 
process Of the present invention, the 
disulf ide-bonded proteins include, but are not 
limited to, proteins which are secreted, or remain 

25 cell-associated. Recombinant BKA constructs for the 
expression of recombinant disulf ids-bonded proteins 
may be made by tbe procedures fully described above 
for FBI . It is readily apparent to those skilled in 
the art that the 1>MA encoding the recombinant 

30 disulf ide-bonded proteins may be expressed from a 

recombinant expression cassette which is integrated 
into tbe host cell genome, in single copy or multiple 
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copies per cell. It. is also readily apparent to 
those skilled in the art that DMA encoding the 
recombinant disulf ids-bonded protein may be expressed 

5 from a recombinant expression cassette which is 

present on an autonomously replicating plasmid in 
singly cony or multiple copies per cell. In 
addition, it is readily apparent to those skilled in 
the art that the MA encoding FBI and the 3)NA 

X0 encoding the recombinant disulf ide--bonded proteins 

may be present on the same plasmid in single copy or 
multiple copies per cell. Furthermore, it is readily 
apparent to those skilled in tbe art that two or more 
disulfide bonded proteins may he co-expressed from 

15 either integrated or piassid-borns cassettes, or a 
combination thereof. 

Following expression of FBI. is a recombinant 
host cell , P35X protein may he recovered to provide 
purified PBX in active form, capable of catalysing 

20 the formation of disulfide bonds in proteins. 

Several FBI purification procedures are available and 
suitable for use. As described above for 
purification of FBI from natural sources, recombinant 
FBI may be purified from cell lysates and extracts, 

25 or from conditioned culture medium, by various 
combinations or individual application of salt 
fractionation, ion exchange chromatography, size 
exclusion chromatography, hydroxylapatite adsorption 
chromatography and hydrophobic interaction 

3 o c hr omat o g r aphy < 

In addition, recombinant FBI can be 
separated from other cellular proteins by use of an 
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imam no- affinity column made with monoclonal or 
polyclonal antibodies specific for FBI, 

Monospecific antibodies to FDI ate purified 

5 from mammalian ant i set a containing antibodies 

reactive against FBI or are prepared as monoclonal 
antibodies reactive with FBI using the technique of 
Kohler and MUstein, Mature 2M- 495-497 (1975) , 
Monospecific antibody as used herein is defined as a 

10 single antibody species or multiple antibody species 
with homogenous binding characteristics for HDX, 
Homogenous binding as need herein refers to the 
ability of the antibody species to bind to a specific 
antigen or epitope, such as those associated with 

15 FBI, as described above. Enzyme specific antibodies 
are raised by immunising animals such as mice, rats, 
guinea pigs, rabbits . goats, horses and the like, 
with rabbits being preferred, with an appropriate 
concentration of FBI either with or without an immune 

20 adjuvant , 

Freimmune serum is collected prior to the 
first immunisation. Each animal receives between 
about 0,1 mg and about 1000 mg of FBI associated with 
an acceptable immune a<S jnvant . Such acceptable 

25 adjuvants include, but are not limited to, freund 5 s 
complete, Frewnd's incomplete, alum-precipitate , 
water in oil emulsion containing £&£ymhM&3&i8M. 
plivaa and tRBA, The initial immunisation consists 
of the enzyme in, preferably, Freund's complete 

30 adjuvant at multiple sites either subcutaneonsiy 

(SO, int taper itoneally (IF) or both. Bach animal is 
bled at regular intervals, preferably weekly, to 
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determine antibody titer, The animals nay or may not 
receive booster injections following the initial 
immunisation. Those animals receiving booster 

5 injections are generally given an equal amount of the 
enzyme in Freund's incomplete adjuvant by the same 
route. Booster injections are given at about three 
week intervals until maximal titers are obtained- At 
about 7 days after each booster immuni sat ion or about 

10 weekly after a single immunisation* the animals are 
bled, the serum collected, and aliquot s are stored at 
about -20*C, 

Monoclonal antibodies <mAb) reactive with 
FBI are prepared by immunising inbred mice, 

i S preferably Balh/c, with PIKE, The mice are iiammised 
by the IP or SC route witli about 0.1 mg to about 10 
mg, preferably about 1 mg, of FBI in about 0,5 ml 
buffer or saline incorporated in an e<pal volume of 
an acceptable adjuvant, as discussed above. Freaaso. * s 

2q complete adjuvant is preferred. The mice receive an 
initial immunisation on day 0 and are rested for 
about 3 to about 30 weeks. Immunized mice are given 
one or more booster immunisations of about Obi to 
about 10 mg of PDI in a buffer solution such as 

2$ phosphate buffered saline by the intravenous (TV) 
route. Lymphocytes, from antibody positive mice, 
preferably splenic lymphocytes, are obtained by 
removing spleens from immunized mice by standard 
procedures known in the art- Hybridoma cells are 

30 produced by mining the splenic lymphocytes with an 

appropriate fusion partner, preferably myeloma cells, 
under conditions which will allow the formation of 
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stable hybridomas, fusion partners may include, but 
ate not limited to: mouse myelomas ?3/NSl/Ag 4-1; 
MPC-11: S--194 and Sp 2/0., with Sp 2/0 being 

S : preferred . The anti body producing cells and myeloma 
cells are fused in polyethylene glycol , about 1000 
®ol< wt. , at concentrations from about 30% to about 
50%. Fused hybridoma cells are selected by growth in 
bypo.aantbice , thymidine and aminopter in. supplemented 

IQ Bulbecco's Modified Eagles Medium (BMSM) by 

procedures known in the art. Supernatant fluids are 
collected from growth positive wells on about days 
14, 18, and 21 and are screened for antibody 
production by an immunoassay such as solid phase 

IS immunoradioassay (SPIRA) using PCX as the antigen, 

Tbe culture fluids are alsfo tested in tbe Quchter lorry 
precipitation assay to determine tbe isotype of the 
®kh> Hybridoma ceilss from antibody positive wells 
are cloned by a technique such as tbe soft agar 

2Q technique of MacPherson* Soft Agar Techniques » in 
Tissue Culture Methods and Applications, Rruse and 
Peterson, Eds., Academic Press, 1973 < 

Monoclonal antibodies are produced in vivo 
by injection of pristane primed Balb/e mice, 

25 approximately 0.5 ml per mouse, with about 2 x 10^ to 
about 6 ac 10 & hybridoma cells about 4 days after 
priming, Ascites fluid is collected at approximately 
8-12 days after cell transfer and the monoclonal 
antibodies are purified by techniques known in the 

30 art > 

In vitro production of mAh is carried out by 
growing the hydrtdoma in DKEM containing about 21 
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fetal calf serum to obtain sufficient quantities of 
the specific mAb. The mm are purified by techniques 
known in the art. 

s Antibody titers of ascites or hybridoma 

culture fluids are determined by various serological 
or immunological assays which include, but are not 
limited to, precipitation, passive agglutination, 
ensysse-l inked immunosorbent antibody (ELISA) 

xq technique and radioimmunoassay <RIA) techniques. 

Similar assays are used to detect the presence of SDX. 
in body fluids or tissue and cell extracts . 

It is readily apparent to those skilled in 
the art that the above described methods for 

15 producing monospecific antibodies may be utilised to 
produce antibodies specific for FBI polypeptide 
fragments, or full-length FBI polypeptide, 

PBI antibody affinity colnmns are ®ade by 
adding the antibodies to Mfigel-10 (Biorad) , a gel 

20 support which is pra-aetivated with N- hydroxy s a coin- 
isdde esters such that the antibodies form covaient 
linkages with the agarose gel bead support. The 
antibodies are then coupled to the gel via amide 
bonds with the spacer arm. The remaining activated 

25 esters are then quenched with 1H ethanolamine MCI (pH 
8) , The column is washed with water followed by 0,23 
H glycine HC1 <pH 2.6) to remove any non-conjugated 
antibody or extraneous protein. The column is then 
equilibrated in phosphate buffered saline CpH 7.3} 

30 and the cell culture supernatant s or cell extracts 
containing PBI are slowly passed through the column. 
The column is then washed with phosphate buffered 
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saline until the optical density (A^go) tails to 
background, then the protein is e luted with 0-23 M 
glycine-HCl (pi 2,6). The purified FBI protein is 
5 then dialled against phosphate but" fared saline. 

The following Examples are provided as 
illustrative of the present invention, without » 
however, limiting the same thereto. 

10 

gXAMPLB 1 
2 1 r a x n s 3 n ; Q r^tlLStOMLtimu. 

The STO frarpmyj£&s cjarjevi£iaa strains MD40/4C 
(MATa , lmZ^~in t umZ> &i&3~U,~15 t £X£l> and 

15 AS3324 ( MATa./MAT^a*' M&3/M&3. X$m2tlm2. Sii3/sil3 ( 
££&1/&£&1> grown at 30*€ i& either YEW (1% 

baetopeptone, 1% yeast extract, 2% glucose) or a 
pE5,8 buffets* minimi meUvm (0.67% least nitrogen 
Base without .amia© acids-:* -2% glucose, IX succinic 

as acid, 0.6% HaGH, 50jig/»l meso™ inositol) supplemented 
with the necessary base and amino acid requirements . 

The £♦ cerevisiae strains JRI188 », 
six3-8, isi\2,-il2, lsjtl> sx&3~52> &i&4; Bra.he, A.J. 
I.I., 1984, Proc. Bat'I, Acad, Sci. USA , 81, 

23 ppo 4642-4646 ) and BJ1995 (Mfo., IssjZ, fcxfcl, Ura3»-S2 f 
JU&1-U22, £e$>4-3 t gsXZ; Jones, E,W, S 1991, Methods 
Eassymol . , 15.4, pp. 428-453) were used for evaluation 
of PlOt o^er; j< tion and were grown as described in 
the appropriate examples, 

30 The u^s j sixain DU5u 

(,S..Up£44A.l ; a.cm69 (#S0Me.mi5) »K imAl §MM 
gyxA96 f hi~l relAl > was used for plassud screening 
mml pu 1 a t. i on s . 
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MMFLE..2. 

Dm...m^sigal&.tlaiB 

Restriction endonuclease digests and SEA 

5 ligations were carried out as recommexs6ec by the 

enzyme manufacturers (ML, BEL). Standard protocols 
for E. call transformation (Cohen » 1972, 

P.N. A . S . US A , 69. pp- 2110-9) and £ . mrgyisiao 
transformation (Seggs, 1978 Nature , .275., £#.104-9; 

10 Xto |t al, , 1983 , J- Baeteriol, , m, pp. 163-8) were 
performed - Genomic TMA was prepared from &< 
eerevislae by the method of Holm .et. al, (1986, Gene, 
42, pp. 169-73). 

15 

A yeast genomic library, containing partial 
fragments of BRA from the £. c.erey.|..s..iae. strain 

2Q SKQ2n [a/a adel/4 ade2/+ hisl/ 4-; Gas ion gt , 

Supra] cloned into the BasaHI site of the high copy 
number ffl2»d, 2 micron-based vector pMA3a (Cronset 
and Tnite, 1987, supra > wag used to screen for the 
FPU gene. A 30~mer oligonucleotide 

25 (5 * CTTAGAGTGACCACACCATGGAGCGTAGAA 3 ' } (SEQ.ICHO. : 5) 
was synthesized against the highly conserved 
'thioredoxin-iike' active site (FXAPVrCGHCK) 
CSEQ,XD.!lO. t but using a yeast codoti bias (Sharp 
£t al, , 1986, supra). 

30 To screen the library, SOng Of the 

oligonucleotide was end-labelled with Cy~ 32 PJcATP 
[Amersham, 3000Ci/mmol.J and T4 polynucleotide 
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kinase, using m~52 chromatography to separata the 
labelled oligonucleotide from unincorporated 
nucleotides. Approximately 20,000 BHSa recombinant 

5 colonies were screened on nitrocellulose filters by 

colony hybridisation as follows: each nitrocellulose 
filter was prehybridised for 16 hours at 37*C in 351 
for.nsa.mi4e, 6 x SSC, I x Denhart's solution, 250ytg/.sl 
denatured salmon sperm DM, 0.1% SDS. The labelled 

10 oligonucleotide (specific activity 4,8 x 10^ dpm/|tg) 
was denatured for 3 minutes at 90*C and then diluted 
to 2ng/ml in prehydr idioation buffer and added to the 
filters. After incubation at 37 *C for a further 16 
hours the filters were removed and rinsed for % 

IS minutes in 4 x SSC , Q»l% SBS . The filters were then 
autoradiography overnight , 

39 potential positive colonies were 
identified and taken through two further rounds of 
screening, as described above > after which 10 positive 

20 clones (labelled CI to CIO) mm obtained , Two of 

these clones <C7 and C10) were restriction mapped and 
clone C? was chosen for subsequent studies. 



25 . EXAMPLE 4 

To identify a suitable sired fragment for 
sequencing, clone 07 was digested with a range of 
restriction enaymes, and the fragments separated on a 
30 IX agarose gel and transferred to Genes crean Plus 

membrane (DtsPont) using a vacuus* blotting apparatus 
(Hybaid Ltd.) The filter was then prehyb;: idised 
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essentially as described by Hani at is it al, 1982, 
supra , followed by the addition of the 30-mer 
oligonucleotide probe, end-labelled and denatured as 
described above. Hybridisation was carried out in 6- 
x SSC for 24 boors at 43 'C, followed by two wastes in 
200ml of 2 x SSC fox five sainutes at room 
temperature, two washes in 200ml of 2 x SSC 0,1/1 SBS 
for 1 hour at 65 «€ and otie final wash in 500 ml of 
0,1 x SSC at room temperature. The filter was then 
subject to autoradiography at ~?0*C for 48 hours. 

A 2,4kb Ei&ell-IsaRI fragment from clone C7 
was completely sequenced using the dideoxy chain 
terminator method (Sanger .a.l* » 197?, Proc, Nat'l. 
Acad , Sc. i < IT , S . A . , ?A , 5463-6 7 ) . Suitable 
restriction fragments for sequencing were subclones! 
into pfC19 :m$ plasmid -$m prepared for sequencing 
using the rapid procedure of Holmes and Quigley 
(1981, Anal. Bioehem. ( pp. 193-7). In addition some 
fragments were cloned into the single-stranded 
vectors mp!2 or mpl3 (Messing, 1983, Methods 
mzfmQl,, 111, pp. 20-78). A range of sequencing 
primers (15-18 mers) were synthesized which annealed 
either to the poiylinher regions of the cloning 
vectors or to previously deduced internal C7 PE4 
sequences. Plasmid DM was denatured prior to primer 
annealing in Q,2M HaOH , 2m EBTA for 30 minutes at 
3 7 " C . neutralised by the addition of 0,1 vol, 3M 
sodium acetate pH5,0 and precipitated with 3 vol. 95% 
ethanol at -70 8 C for 15 mimrtes. T7 Dh'A polymerase 
(Seqaenase., US Bi ©chemicals) was used according to 
the nsanufacuturers' instructions for in vitro chain 
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elongation, using [a-^PJdATP (3000Ci/uaaol;ICN) for 
labelling- Reactions were analysed as previously 
described (Bossier sdt &1- , 1989, Gene, m> pp. 323-30). 



Prepi rati.Q.n....3aa a I SMd 

Total RNA «as prepared from exponentially 

10 growing cells <5 ac 10 6 ~ 1 x i0 ? cells/ml) or 

stationary phase cells (2 .x 10 $ cells/ml) of the 
strain M£40/4e< &HA was also extracted from 
exponentially growing cells of HD40/4e subjected to a 
30 minute beat shock (30*0 to 42 °C). Total MA was 

15 extracted essentially &tz described by Dob son at 
(1983, Nucleic Acids Res . , 11, 2287-2302), 

Northern blot analyse was carried out as 
follows: 20|ig total RNA was denatured in 2.0% 
formaldehyde 50% daionised tatmamUe by heating at 

2o 55 *C for IS minutes aud tnen separated in a 1% 

agarose gel containing 8% formaldehyde. Tbe SKA was 
transferred to a nitrocellulose filter <S&S, BASS) by 
vacuus blotting and the filter boiled in lOmM 
Tris-HCl for 5 minnt.es. Hybridisation was carried 

25 out overnight at 42 "C in 10 x Benhardts solution, 2 x 
SSC\ 50mM phosphate buffer pBS.S, 40% foraiami.de » 0,1% 
SDS, 400ug/mi heat denatured salmon sperm DNA and 
1-Sng/ml of the probe. Filters were auto radiographed 
for 1-5 days at -?0°C. Probes used were : a O.Skh 

30 Hindi II ---Sl.M.I fragment from the Ml gene (Parquhar , 
E. et al», supra, see figure. 2) and plasmid Sep? 
containing a portion of the 1SS and 25$ ribosoaal RJ?A 
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s s , 11 ^ '12 Detainer 
from Sr. B,S, Cos;, University of Oxford).. The probes 
were labelled by random primer labelling (SCL) 
according to the manufacturers' instructions. 



Coiis.tr uct.i 

is A 1. 8Kb Jj&jgHI fragment carrying the HI S3 

gene was released from the piasmid pHA700 (Monti el it. 
al. , 1984, supra) and purified on 1% low melting 
point agarose (Sigma). The SaaHI sticky ends of the 
fragment were filled in using dssTPs and the Kl&mu 

15 fragment of PM polymerase 1 as described by Maud at is 
gt tl., 1982, supra. A l<2hb taX~IglII fragment of 
the FPU gene was then s\ihcl®mi into the SmaX-Bamgl 
sites within the polylinker of the piasmid fSCXt. 
Finally, the fiXled~in MmSI fragment containing the 

20 HXS3 gens was li gated into a unique Is&RV site within 
the coding region (figure 3)< The resulting 

p.dli.u.l2M allele was liberated on a 3>0kb Ml.l~lS.oKI 
fragment, purified on low melting agarose and need to 
transform the diploid strain AS3324 to His 4 

25 prototrophy using the lithium acetate transformation 
protocol of Ito el. al-> (1983 supra). 



30 In..mx<l..MI..As.sjy 

The assay for FBI activity in total protein 
extracts was as described by Ellison «g£ a,!., (1984, 
Methods Enssyaol . , Ml, pp. 281-92) , 
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Scrambled ribonociease is & fully oxidised 
mixture containing randomly formed disulfide bonds. 
It is prepared from commercially available (Sigma) 
5 bovine pancreatic ribonuciease A by the following 
method - 

Incubate ribonuclease at 30 sag /mi (about 2.2 
mM) in SO m TRIS-HC1 buffer, pH 8,6, 8,9 M nrea, 130 
mM. dithiothreitol (approximately 15-fold molar excess 
IQ of dithiothreitoi over reducible disulfide bonds) at 
ambient temper ature for 18 to 20 hours, ox at 35*C 
for 1 hour. 

Isolate reduced protein by acidification of 
the reaction .mixture to pB 4 with glacial acetic 

IS acid, followed by Mediate elution from a column of 
Sephadex S-2S with degassed Q.1M acetic acid. 
Monitor e luted fractions at 280 nm» pool 
pxotein-»containin| fractions, and estimate protein 
concentration either spectrophotometer icaliy or 

2.0 ehemi cally , using native rihonucle&sa A as the 
standard . 

Dilute the sample of reduced ribonuelease to 
about 0,5 mg/mi with 0.1 M acetic acid. Add solid 
■urea to give a final concentration of 10M, and 

25 sarcosine hydrochloride to 0.IM (sareosine is 

included to react with cyanat® ions that are present 
in concentrated solutions of urea and can inactivate 
riboanolease by carbamylation) . Adjust pH to 8.5 
with 1H TRIS, and incubate at ambient temperature for 

30 2 to 3 days in the dark, during which time the 

protein is randomly reo>:idised by atmospheric 0 2 > 
After this incubation, determination of free thiol 
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groups using 5 , 5 s -dithiobis (2~nitroten$5oie acid) 
shorn reox.idat.ion to be complete (less than 0.1 free 
thiol per ribcnuelsase molecule) - 

5 Recover the scrambled product by 

acidification to pi 4 with glacial acetic acid .&ai 
elution from Sephadex G-25 in 0-1 M acetic acid. 
Pool the fractions containing protein, adjust to pH 8 
with 1 H TEIS ; and store at 4*C. 

The yield of scrambled ribonoclea.se through 
this procedure is typically 90-1 00%, The product is 
stable at 4*0 in solution for op to 6 months or , 
alternatively, may be dialysed into 50 ssH HB^HCOg,. 
pH 7.8, and then lyophilised, yielding a white fluffy 

15 solid that may he stored indefinitely at -20:* C. 

The substrate, scrambled ribonuclease, is 
essentially inactive in the hydroiytic cleavage of 

as high-moiecular-weight KRA, having about 2% of the 

activity of native ribonuclease. The action of PCI 
in catalyzing interchange of inter- and 
intramolecular disulfides in scrambled ribonuelaase 
results in regain of the native disulfide pairing* 

25 native conformation and concomitant return of 
ribnnuclease activity against SNA . Thus, the 
activity of FBI is assayed by a time-course 
incubation during which aliquot s are removed and 
ribonuclease activity toward MA is measured, 

30 The sample of protein disulf ide~i some rase is 

added to 50 oM sodinn I ? buff ex pi 7 5, to a 

final volume of 900 |il and preincubated with 10"~ 5 M 
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dithiothreitol (10 jil of 1 mM stock solution, made 
fresh daily) for 2 to 3 minutes at 30*C TRIS-HCl 
buffer is also acceptable but gives about 25% lower 

5 activities. The assay is then started by the 
addition of a 100 \ii aliquot of scrambled 
ribonuclease (0.5 txg/t&l stock solution in 10 aH 
acetic acid, made f resfe daily), and the incubation 
mixture is maintained at 30*C. For work ob a smaller 

l0 scale, the volumes above can be reduced 10-fold, to 
give a final assay voltaae of 100 ul. Aliquots of 10 
p.1 are removed at 0.5 minutes and then at 2 to 3 
minute intervals for op to IS minutes , to assay for 
the reactivation of scrambled ribonuelease « Bach 

15 aliquot is immediately added to an assay mixture of 3 
ml of m& buffer (50 «H TEXS-HCX buffer, pH 7,5, 25 
m mi t 5 m MgCl 2 > containing 0.25 mg of highly 
polymerized yeast m& (50 pi of 5 mg/ml stock 
solution) , in a quarts cuvette previously 

20 equilibrated at 30*C. Ribonuelease activity is 

monitored at 30*C using the dual -wave length mode of a 
Perkin- Elmer 356 spectrophotometer (bandwidth 2.5 
nm), and measuring change in A 2 ^q relative to A^sq 
(My, The rate of R3SA hydrolysis <AA min™ 1 } is 

2 S constant over 1.5 to 2 minutes; a plot of this rate 
versus time of withdrawal of the aliquot from tire 
incubation is linear for up to 15 minutes. The 
gradient of this linear portion of the time course 
<M min" 1 min"' 3 -) is calculated by linear regression 

30 analysis of triplicate assays (with correlation 

coefficient routinely ± 0.99) a»# :tahen as a measure 
of protein disnlf ide-isomerase activity. 
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Control incubations are performed omitting 
enzyme sample to measure the rate of nonencymatic 
reactivation of scrambled r ibonnelease by 
dithiothretoil alone. These rates are usually less 
then 0,2 x Kb" 3 AA rain" 1 min" 1 and are subtracted in 
the calculation of the protein d i sulfide- isomer ase 
activities of enzyme samples. 

One unit of protein disulf ide-isomerate 
activity is defined as the amount catalysing 
reactivation of scrambled ribonucXease at a rate &f 
one ribonuelease unit per minute; one ribouuclease 
unit is defined as tbe amount producing a change in 
A 260 relative to A 2 so of 1 adaorfcaaee unit per minute. 



Construction of vectors for integration of H5X 

A vector was constructed for integration at 
LIS 2 according to the following procedure , the 
plasmid ptlCX9 was digested with BIndXIX and the 
linear vector fragment was gel-purified. This 
fragment was. then digested with 1&&RX and the 
resulting 2,7 hbp Ic^RX-Siridlll vector fragment was 
gel-purified. The purified fragment was then Xi gated 
with the following synthetic oligonucleotide: 
I> ! -AATTGCGGCCGCAAGCTTGCGGCCGC-3 ! <SEQ.XB.NO. : 6} 

3 « -CGCCGGCGTTCGAACGCCGGCGTGGA--5 ' ( S£Q - II' , NO - : ? > 
which contains an EeoRl cohesive end, EofcX site, 
HindXXX site, Ho±X site, and HindXXX cohesive end, in 
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that order. The resulting piasmid, pUC-Hot , contains 
a unique lindlll site which is immediately flanked on 
both sides by liotl sites. 

5 A piasmid for tar getting of expression 

cassettes to integrate at the SM3 locus was 
constructed as described below. The source of the 
yeast IIRA3 gene was tht 1.1 kt> Hi 111 fragment from 
TRplO [Parent, $,A, et &X, ;■» 1985, Yeast, 1, 

10 pp, 83-1383- The plasm-id pBC-$ot was digested with 
Eindlll, dspbosphorylated with calf intestine 
alkaline phosphatase, and ligated with the 1.1 kkp 
lindlll 0M3 fragment, yielding the piasmid 
pUC~Mot~tiRA3 , 

I5 A piasmid for targetting integration of 

expression cassettes to the LX&2 locus was 
const rncted as follows. The piasmid YXp600 {Barnes, 
D . A . and Thorner, J,, 1986, Hoi. Cell. Biol., fc, 
pp.2§28~2838] bearing the yeast L1&2 gene was 

20 digested with £eoRl pins lindlll and the 4.5 kbp 
EooRI-Sindlll fragment hearing the LTS.2 gene was 
cloned into ptXCX9 which had been previously digested 
with EeoRl plus lisdXXX, yielding pIJKG17i. This 
piasmid was then digested with IriiXX pins bigiXX and 

25 the 3.7 kbp gs&XI-Salll fragment bearing the LXE.2 

gene was gel -purified and made flush-ended, Piasmid 
pO€~-Bot was digested with lindlll, dephosphoryiated 
with calf intestine alkaline phosphatase, made 
flush-ended and then ligated with the 3,7 kbp L££2 

30 fragment. The resulting plasma d with the expected 
structure was designated p¥C~i$ot~LYS2 (also called 
pBL) . 
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A second vector for integration at LYg.2 was 
also constructed. The plasm* d YIp600 was digested 
with Hcol and the 3.0 kbp ?h-o: fragment bearing a 
major portico of the LYS2 protein coding sequence was 
gel-purified and made riu3h---ended< The plasmid pGCI3 
was digested with BamHX, made flush-ended, and 
ligatsd with the 3,0 kbp M£2 fragment, yielding the 
integrating vector pUCI3~LIS2, 



Construction of least Strains Which Overproduce Human 

The source of the human H>X coding sequence 
was the overlapping partial c» clones p210 and pi 
described by Pihlajaniemi &fc ftl< (1987, supra), The 
0.45 kbp JBfifi3RI-EStJ fragment from p210 which carries 
the 5 1 -terminus of the human FBI cDNA was subcloned 
into pITCIS, yielding plasmid pt&ClSO* Fiasaid 
pUKClSO was then digested with 1.C.SRX plus MsJ (iml 
cuts at the position corresponding to the third amino 
acid in the coding sequence for mature human FBI). 
The resulting 3,1 kbp vector backbone fragment was 
gel-purified and li gated with an oligonucleotide 
adapter having the structure: 

5 ' AATTCGT7G ACGC C C~3 * (SBQ.TD.M) . : 8) 

3 5 -GCAACTGCGGGGGCT-5 1 ( SEQ . IB , NO . ' 9) 
This adapter reconstitutes the 5-end of the mature 
FBI coding sequence and contains a Hindi;! site in 
such a position as to allow the precise fusion of the 
mature human K)J sequence to a desired secretory 
leader sequence. 
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The resulting plasmid, ptIKCJ.59, was then 
digested with PjtX , treated with calf intestine 
alkaline phosphatase, and ligated with the 1.5 kb$ 

5 Pg.t.X-Pg.tl fragment from plasmid pi (Fihlajani emi e.t. 
al. , 1987, supra) which carries the remainder of the 
human PDI coding sequence, yielding plasmid pTJKC16Q, 
Plasmid plUCCl&G was then digested with Si-jldXI (which 
cuts within the aforementioned oiigo adapter) 

IQ followed by digestion with li&dXXI . The resulting 
1,9 kbp Hindi 1-EiadIXX fragment bearing the mature 
human PDI coding sequence was gel-pnrif led and 
subcloned into plasmid pGS4 which had been previously 
digested with &LuX plus Eladlll <pGS4 carries- the 

3.5 yeast M.U promoter fused to the alpha mating factor 
(MFal) pre-pro secsetotjf leader sentence; Shaw, K. 
J. Sl Al.> 1988, mk t 2, lir~»). The junction 
f ormed between the blunt ended SMI and lindll 
termini reconstructs a precise in-frame fusion 

20 between the MFal pre-pro leader sequence and the 
mature portion of human WM (resulting plasmid was 
designated pUKCUl; Figure 4), 

The LXS.2 integrating vector pHL 
(ptlC-HotX-LIS2) was digested with £.tftl plus I&O.I and 

25 made flush-ended by treatment with 14 DMA 

polymerase. Plasmid puKCl&l was digested with EnoRX 
plus lis.dXXX and the resulting 2.8 hhg Baohl •••Hindi IX 
fragment bearing the promoter - alpha factor 

pre-pro leader - human FI5I expression cassette was 

30 gel ■purified and made flush-ended by treatment with 
T4 BRA polymerase The above flush-ended pHL vector 
fragment and this expression cassette fragment were 
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ligated together and the ligation mixture was used to 
transforms, coll strain ATCC 33691, Tr ansf oratants 
were screened for those containing a plasmid with the 

s expected structure and the resulting plasmid, 

pNl~MFal«h?.DI was prepared in large amounts. When 
digested with IslJ. , pM.-MFal-hPM yields a 6.2 kbp 
expression cassette flanked on either end by BHA 
sequences. The digested CHA was used to transform .£< 

3.0 cerevis iae strains BJ1995 and JRX188 using the 

Spheroplast method CHinnen A. e.t .4.1. > 1978, Proc 
Nat'l. Acad. Sci . USA, B, pn , 1929-1933) . Acting as 
a targeting device, the B&fcT ends directed the 
expression cassette to the chromosomal i££2 : locus 

IS where the cassette integrated via homologous 

recombination, Transf ormants were screened for those 
which grow on solid media containing alpha-amino 
adipic acid (Chattoo, B.B. s& Al< . 1979, Genetics, 
M, PP- 51; Barnes and Thetner, 1986. supra), 

20 indicating the strains are Xys~. Southern blot 

analysis of the clonal isolates using a M&Z probe 
confirmed that the expression cassette had integrated 
at the LXS2 locus . Chromosomal BSTA preparations 
digested with gglXI showed the expected shift in siae 

25 from 5.0 to ?,8 hop for the hand hybridizing with the 
:lM2 probe, The resulting BJ1995 and JRT188 related 
strains containing the integrated expression cassette 
were designated BJl995/aipha~hPBI and 
JRY13S/alpha-hPBX (strain #1072 A) respectively. 
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Construction of yeast strains which overproduce human 
P using. the or anin.an....P£l g„jgna I 

The FDI eMA clone pX <Pihlajaai«rai et al,> 
1987, supra) was digested with. Pstl and the 1,5 fcbp 
PstX-FstX fragment carrying the 3* -region of the 
human PDi cDM was gel-purified. This fragment was 

jo then inserted into the Pst'l site of pEKC150 

(described in Example 9 above) yielding the plasm id 
pXHCClSl , which contains the intact , full-length hn»h 
PBX eBRA . pUKClSl was digested with HindlXX and 
ligated with an appropriate oligonucleotide adapter 

:1 S (containing an EcoEI recognition sequence) to convert 
the SlndlXI site located at the 3 ! ~ end of the FBI 
cDKA to an EsssRI site- The resulting plasmid, 
ptmClSSl contains the intact human FJ3X coding 
sequence on a 2.1 kbp S&2HX fragment, FX&said 

2Q pUKC153 was digested with l^oEI plus The 

resulting 0,4? kbp Bs^fcl-Estl and 1-7 kbp £gH~EsaRl 
fragments carrying the 5«~ and 3 f ~ portions of the 
human mi sequence, respectively, were gel-purified. 
PUG 19 was digested with Ec..oRX pins %g£2 and the 2,7 

25 kbp vector fragment was gel-purified and then ligated 
with the aforementioned 0.47 kbp £s&RX-£&J;X 
fragment. The ligation mixtures was used to transform 
I- noli ATCC 35691. Plasmid BMA was prepared from 
transf ormants containing a plasm id with the expected 

30 structure. This XiHA was digested with AvaX plus EslX 
and a 0,38 kbp fragment carrying the V -portion of 
the human 'FBI sequence was gel-purified. 



WO m/25676 



PCI7tS93/953t8 



48 



pUC19 was digested with IpqRI plus BamBI and 
the 2<7 kbp vector fragment was gel-purified, The 
following oligonucleotides were synthesized: 

1 . 5« -GATGCACAAAACAAAATGCIGGGGCGCGCTCTGCTGTGCGTGGOGTGG 
TCCGCCCTGGTGGGCGCCGACGCCC-3 ! 
(Oligo #. 15165-220} 
<SSQ> ID. HO, f 10) 



2 . 5 « -721 GJGGGG" 

AGCGGGGCGCAGGATTTTGTTTTGTG-3 ; 
(Oligo # 15165-221) 
(SEQlIP.MA : 11) 

3 , 5 * -GAXCC&CAAA&C 

TCCfCCCTGCTGCTCGCCTCCTCTOTTTCGCCSACGCCC-S* 
(Oligo # 15165-24$) 
(SEQ.ID.JIO. : 12) 

4, 5' --T0 GGGGG CGTCGGCGAAAACAG AGGAGG G G AG G AG C AGSGAGGACCAT 
GASA00ACGGCACCAGCAGAAAACTTGATTTTGTTTTGTG-3 * 
(Oligo # 15165-250) 
( SEQ - ID . HO - : 13) 

Oligonucleotides #15165-220 and 15165-249 
were kinased and then annealed with oligonucleotides 
#15165-221 and 15165-250, respectively. To 
reconstruct human FBI with the human FBI signal 
peptide geqnence s the following ligation was set up: 
the pTJC19 2>7 fc&p iaffiHX-£ooRI fragment was ligatsd 
with the 1 7 kbp P_s.ll EpoAl h r BT 3 '-fragment , the 
0.38 kbp Pgtl'-AyiJ 5«~hFDI fragment, and the annealed 
linkers 15165-220 pins 15165-221. 
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To reconstruct hitman ml with the yeast FBI 
signal sequence, the following ligation mixture was 
set up; the pSreif 2,7 kfep MmHX-^oRl fragment was 

5 li gated with the 1.7 hhp Pst.l~Ec.oEI hPBX 3 » -fragment , 
the 0.38 kbp Pstl-Aval 5 ' -hPBI fragment, and the 
annealed lingers 15185-249 plus 13165-250, (The 
annealed linkers contain Bam HI and Aval cohesive ends 
and encode the indicated signal peptide sequence plus 
yeast 5 ' -nont ran slated leader sequence) 

The ligation mixtures were transformed into 
£< fiflli ATCC 35691 and transf ormants were screened 
for those containing plasmids with the expected 
structure. The mA sequence across the region 

1S including the oligonucleotide linkers and the 

flanking MA was confirmed by dideoay sequencing 
methods. The hnmm FBI CQdihg sequences with either 
the yeast FBI signal peptide or human FBI signal 
peptide encoding sequences were designated ySF~hFBI 

2 0 and hSF hPBI, respectively. The two resulting 
plasmids containing these cassettes (pirc-ySF-hPDI 
[Figure 53 and pBC~hSP~hFBI » respectively) were 
digested with SaaJ plus lasjEX and the resulting 1.5 
kbp fragments carrying the hPM cassettes were 

2$ gel-purified .and made flush-ended. 

The plasmid p*Gl (which contains the 0A.L10 
promoter and ASIl transcription terminator separated 
by a unique BamHI site; Figure 6) was digested with 
BamHI - made flush-ended, and ligated with the 

3Q aforementioned cassettes to yield the plasmids 

pSAL-ySP-hPBl and pGAL-hSP-hFDl , respectively. These 
two plasmids were digested with Sj^.X, Sphl , and £s&X 
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and the resulting 3.2 \ S^I-Sjjhl fragments bearing 
the GALlQp~yS.F~hFDI and GAL10p~hSP~hFBl expression 
i f ed > and 

5 then inserted into the Xho.I site (made f lush-ended} 
of the LI&2 integrating vector, pITCX3~LPS2, The 
resulting plasties were designated pLIS2-hSP-hPX;l and 
pL^S2~y SP~hPi)l r aspect ively - 

For purposes of integrative transformation, 

X0 these latter two plasmids were digested with Xbai 
plus Sad to generate linear fragments with LXS2 
flanking ends and the linear fragments were used to 
transform yeast strains BJX995 and JRI188. 
fransformants which had integrated the desired 

15 expression cassettes at ISSZ were identified by 

Southern blots of genomic B8A which had been digested 
with Iglll and was then hybrid i zed with a t£&2 
probe. The resulting strains were BJX99$/hSF~hTO 
BJI995/ySP~hP£l, JRYl88/hSF~feW)X (strain #1148) t and 

20 JPYXSS/ySP-hPM (strain #115?}. 



ggy; Li 

as Construction. of yeast strains which overproduce a 

C- terminal HPEL mutant of human PDI using the human 

: : . p- , " J : .. 

least proteins which are resident in the 
endoplasmic reticulum normally contain a C-terminal 
30 HBEL amino acid sequence which is the signal for 

retention in the IE (Pelham, £fc &1, , 1988 gunr.a). In 
contrast,, human PBJ has a C~terrunal KDEL sequence 
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(Pihlajaniemi ; e.t, dl- , 1987, supra) which has been 
previously shown to function poorly for SB- retention 
in yeast (.Lewis , H.J. » it ll.- . 1990 , Cell, 61, 
pp< 1359-1.363). Therefore, it was? desired to 
construct a modified human mi in which the 
C-terminal KDEL was changed to HD1L. This was 
accompli shed as follows. 

The two plasxnids pt?C~ySP~hPDX and 
pTJC-hSP-hPDI (E^asnpie 9) were digested with SfifiRX and 
Xhol and the resulting 4,0 kbp ic^RI-Ihol fragment 
containing vector sequences pins the 5 ' -portion of 
the hP.UX sequence and a 0-5 kbp }[hol--lhaX fragment 
containing the middle portion of the hPDI coding 
sequence were gel-purified. The following 
oligonucleotide adapter was then synthesized i 

5 »™GAC0ACCTCGASGAGCTCGAASAAGCAGA<?SAGCCAOACATGGAG0AA-- 
3 * -CTGCTGOASCTCCTGSAGCTTCTTCGTCTCGTCGGTCTATGCCTCCTT- 

GACGATGACCAGAAAGCTGTGCACGATGAACTGTAAGGATCCG~3' 
(SEQ.XB.NO. : 14) 

GTGCTACTGGTCTTTCGACACGTGCTAGTTGACATTCGTAGGCTTAA~-5 5 
(SSQ.ID.HO. : 15) 

Following annealing of the two oligos , this 
adapter was digested with (now yielding EeoRI 

and IhoJ cohesive ends) and Xi gated in two separate 
reactions with the 4,0 kbp i£oRI~lho.X vector 
fragments containing either the $>~y$P~fcFBX or 
S'-hSP-hFBX sequences, respectively. The resulting 
two plassdds were then digested with 1MX and li gated 
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with the aforementioned 0.5 k.bp /:L.;T--xhoI fragment 
containing the middle portion of the hPBJ coding 
sequence, yielding the plassdds pUC-ySP-hPDKHDEL) 

5 and nirc~hSP~hPDI(HDSL) , respectively, into which the 
Xhol fragment had inserted in the correct orientation 
to reconstruct the human FBI coding sequence. These 
two plassdds were then digested -I ^ ' k 

* ' t i ig »he 

50 expression cassettes were gel-purified and then 
inserted into the BamHI site of p401 , yielding 
pUC-GALIOp-ySP-tPPi (HDSL) and 

pyC^LlOp-hSP-hPDlCEDEL), respectively , These two 
plasmids were then digested with j&b&X, 8$bX and 

is Ml. The resnlt ing two 2,5 kbp Smal-SBJil fragments 
were gel-purified, mate flush-ended and then lighted 
with ptrei3~LtS2 which previously had been digested 
with Xhol and made £ tosh-ended « The resulting two 
plasmids , pLYS 2 -yS£»hPBX<HDBL) and 
pLTS2-hSP-hPDX<B»EL} were linearised by digestion 
with HpaX plus and then used in separate 

reactions for transformation of strains BJ.1995 and 
3RX188. Lye" transf ormants were selected on solid 
media containing alpha-arai.no adipic acid. Isolates 

25 containing the desired expression cassette integrated 
at the LIS 2 locus were identified hy Southern blot 
analysis of genomic DMA. The resulting strains were 
designated BJ1993/ySF-hP£X<RBEL> , 

BJ 1 9 '55 / b SP-hPPI (HPEL) , JEU8S / y SP-hPDI < HDSL) ( strain 
30 #1268), and JRyi88/hS?-hPBI<HX>EL>< strain #1267). 
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Construction of yeast strains which overproduce 
§ G "-terminal HDBL mutant of hata. mi using the yeast 

* ^ " - J ' ~ 

pias.mid pO&Cldl (Figure 4> was digested with 
liamdll plus .Cl.&l and the 0-7 hhp BamKi-CiaX fragment 
bearing the alpha factor p re-pro leader sequence and 

Id 5* -segment of hFDl was gel-purified. The plasmid 
ptJC-y S?~hP2}X (H££L> (described in Example 11) was 
digested with QX&l and EcaRI and the 1.0 khp 
ClaX-EcoBI fragment bearing the 3< -segment of &P2JX 
with the C~terminal SBEL modification was 

is gel-purified. p0C19 was digested with MmHI plus 

and the resulting vector fragment was li gated 
with both the 0,7 bbp BamHX-ClaX fragment and the 1.0 
'tbp itial-ScoRl fragment to yield the plasand 
pUC-MF«l-hPDI (HDBL) , This plasmid wag digested with 

2Q ISHHl and the 1.7 kbp MmHl-BamHI fragment carrying 
the PDX cassette was gel-purified and inserted into 
the BamHI site of the plasmid p401 (Figure 6), 
yielding the plasmid pg^-BFa i -hPS X ( RREL ) . This 
plasmid was then digested with the enzymes jSm&I, 

25 .S.pM > and Ejru.I and the resulting 2,6 kbp .SmaX™£phX 
fragment bearing the expression cassette was 
gel-purified and made flush-ended. The pUC13-LIS2 
vector was digested with Iho l , made flush-ended and 
then li gated with the above 2,6 kbp flush-ended 

30 fragment. The resulting plasmid, 

pLYSX-tifal'-hPBI (HDBL) was digested with Hpal plus 
BcoRV and then nsed for transformation of strains 
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JRT188 and BJ199S. The resulting transformants were 
evaluated by Southern blots of genomic DBA (as 
described is Example 9) to confirm that the desired 
expression cassette had integrated at the LX&2 loc«8 
The JRY188 traxtsformant was designated strain #1279. 



IXAttLr : : 

10 

Construction of yeast strains which over express the 
yeast FBI protein from an integrated expression 

fiMMlte at LIS. 2 losm , . 

The plasmid C? (deserihed in Example M) 

IS hearing the coss^i^te ^e^et 1^1 gene was digested 
with EeoHY and the 1,3 fcfep Ifi£EV-I£oEv fragment 
containing the C-teriRinaX portion of the yeast TO 
open reading txm& (OIF) (from amino acid 223 to end 
of OBF) pins the 3 ! ™nontransiated sequence was 

20 gel-purified and inserted into the Ec.o.lW cite of the 
plasmid pAT153 [Twigg, A > G . and Sherratt, B. , 1980, 
Haters, 2.83, PP - 216-218] > yielding pUKCl&9. Plasmid 
G7 was then digested with Ban! plus Eej?E? and the 
0,67 \ svRV fragment encoding amino acids 

2s 6-222 of the yeast FDX ORE was gel-purified and 

ligated with the following synthetic oligonucleotide 
adapter : 



5' oa v — :;tgctg-3 s 

(SEQMD.HG. I 16) 

3 » -GTGTTTTGTTTTACTTCAAAAGACGACCACG-S ' 
<SEQ.II>.NO. : 17) 
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Which contains UsM and Msi cohesive ends, 
respectively, and encodes amino acids 1-5 of the 
yeast FBI ORF pins 12 basepaixs of yeast 
5 3 '-non translated leader sequence. (The ATG 

initiation eodon is underlined*) The resulting 0.7 
kbp laHI-g^o.KV fragment was gel-pur if ied and then 
subcloned into pATlS3 which had been previously 
digested with EcoRV plus M«HT> yielding the plasmid 

io men** 

Flasmid pWC169 was digested with &£S#V and 
the resulting 1.3 kbp fi^RV-J&fiRV fragment bearing 
the aforementioned C- terminal portion of yeast H>X 
was gel-purified and then inserted into the unique 

IS E&Qft v site of puT.C.170 thereby regenerating the intact 
yeast FBI <yPX>X> gene. This resulting plas&id was 
designated pUKC175. 

pUKC175 was digested with SsaSSI and the 
resulting 2.1 kbp fragment hearing the yPXJX gene was 

20 made flush-ended and gel-purified, pXJC19 was 

digested with plus made flush-ended , and 

li gated with the above flush-ended Bc.oM yPBX 
fragment. The ligation mixture was used to transform 
I- ooli BH5 cells and the resulting transf ormants 

25 were screened for those containing plasmids with the 
yFDI insert in the appropriate orientation such that 

i>& ii i tb pTJC19 polylinker was located 
adjacent to the 3 s -end of the yFDI coding sequence. 
As a BamHI site already existed at the 5 5 -end of the 

30 yPDX ORF on the EcoNl fragment, this construct 

(designated pB€19-yFBI> now contains the yPPI OHF on 
a 1.9 kbp BajsHX fragment. pUC19-yPI)l was digested 
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with. BamBI and the 1,9 BaiaBX gup fragment bearing the 
yPUX gene was gel-purified and then subclones into 
the BamHX site of the vector ptFC X 8 - G AL 1 Dp ( B ) ADH 1 1 

S (stock #401) (Figure 6). The resulting piasmid, 

pOCX8~GALX0p~yBI)X~AI}Hlt (Figure 7), is stock #10X5. 
Plasmid pUC18--&ALlOp-yH>X~A3BHlt wag digested with 
Mai, £j>fel» pies and the 2.7 fcbp .SmiI-.S.phX 

fragment carrying the expression cassette was 

IQ gel-purified, made flush-ceded . and then cloned into 
the unique StuX site of gUKCm (pUKCI?! contains the 
4 . 5 hbp ScjqRX -Hindi XI I.XS2 fragment of YXp600 (Barnes 
and Thorner , 1986, supra) subeioned into pTJC1.9 which 
had been previously digested with gfiojRI plus 

15 lindXIX).- The resulting pMCm™-GAL10p~yPM vector 
was then digested with Ecjojll plus Fvu Xl to excise the 
MS2-MhX0p-yPDI-A^lt~iaS2 cassette which was then 
used to transform &> eereyisiag strains JRI188 and 
. The resulting lys~ transf orssants were 

20 evaluated by Southern fclots of genomic MA 

preparations as described in Example 9< Isolates of- 
each strain were found which had the &4L10p~-yPDX 
cassette integrated at the LXS.2 locus. The resulting 
strains were designated B31995/yPDX and JEY188/yFDI 

25 (strain #1X5:2}. 



KXAMPLE....14 



30 Construction of a yeast strain which overproduces 

yeast PPX from an integrated expression cassette at 



The pXasmid pcC-hot-UBA3 (Example 8) was 
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digested with Ap.aJ plus Hcol (to delete a portion of 
the 2M3 gene) and made £ lush- ended , Plasm! d 
ptTClS-GALi 0p-y.P3DX~AI)Elt was digested with !c.oRI , 
&<m> and £pnl and the 2,8 kbp ls.sKT--- Spill fragment 
bearing the GAL1 Op- yPDI -ADHI t expression cassette was 
gel-purified, made flush-ended, and ligated with the 
above vector fragment, yielding the plasmid 
pNU-GALlOp-yFDI , The TJRA3 -GALl Op-yPM - ABB! t -0RA3 
integrating cassette was excised from pMH-GALl Op-yPDI 
by digestion with fitefcl. The resulting linear 
fragment was used to transform yeast strain KHT107 < 
Ura™ f ransformants were selected on solid media 
containing 5»f leoro-oretic acid (Boeha $& |tl, , 1984 s 
Hoi, Gen. Genet., 197. pp 345), Genomic MA from the 
resulting nra" transf ormants »as; digested with Iglll 
and evaluated by Southern blots using a rad relabel led 
S&fiM-EBill fragment from the GAUOp-yP»I~ABHlt 
cassette as probe. Isolates were identified which 
had integrated the desired SALiOp-yPBX-APElt 
expression cassette at HM3 - Isolate K-Il had 
multiple copies integrated at 8E&3 (strain #1136) < 
Isolate had one copy integrated at ISA3 (strain 

#1137), 



Protei 

least strains were grown in 3 x IEPD liquid 
medium for 24 hours, at 23*0, After that period, 
cultures were supplemented with galactose to a final 
4 .81 concentration. The cultures were then 
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reincubated at 23 t! C, for an additional period of 24 
tors.. Alternatively, yeast, strains were cultivated 
is 3 x YEP.D for 24 hours at 30*C. The cells were 

5 harvested and washed with cold sterile water, and 

re suspended in the same volume of 3 x Y.EPP~Gaiactoss 
medium. The yeast strains were incubated for a 
further period between 16 and 25 hours, after which, 
they were harvested and protein extracted by 

IQ extraction method 2 (below). 

Protein... eztr a.c.ti.orr 

Proteins were extracted from exponentially 
growing or stationary phase cells using glass bead 

i5 disruption, essentially as described by Mellor &fe 
41 ,,, (1983. Gene, 24, pp. 1-14), 

Method 1 : Protein was extracted by glass 
head disruption of cell walls , in the presence of 
PMSF (0 , SmM) in a 2 5mM phosphate buffer pH 7,0, 

2p followed by a freese-thaw cycle, and soluble protein 
was recovered by centr if ugation for 10 minutes at 
13,000 rpsu Secretion was initially assessed by 
analysis of spent culture liquid, either before or 
after concentration with PES (solid), ammonium 

25 sulphate (0-80X), or an ultrafiltration membrane 

<<100 M>a). Protein concentration was determined by 
the method of Bradford (1976, Anal. Biochem. , 21. > 
pp. 248-254). 

Method 2: Intracellular samples were 

30 prepared as in method i s but the culture medium was 
supplemented with HaOH, and p-mercaptoethanol 
(respectively, final concentrations of 0,2r! and 1%), 



WO 93/25676 



PCI 05318 



~ 59 ~ 

left on ice for about 10 minutes, after which TCA was 
added to a final concentration of S%. After 30 
migrates standing on ice : protein was recovered by 

5 centr if ligation, washed with, cold acetone and 
resuspended in SBS-PAGE loading buffer, 

SOjrg of total soluble protein was analysed 
by one dimensional SBS-PAGE (I2X poiyacrylamide) and 
Coomassie blue staining essentially as described by 

1% Schuits fit aJU,, (1987, Gene, 54, pp. 113-23) . 

Electrophoresis was conducted tinder the 
following conditions: 10% SBS---poiyacryiaraide gel, 
and iOfxg protein loaded per lane (protein extraction 
method 1). Sigma prestained molecular weight 

l.§ standards were run in all the gels. Gels were run in 
a BloRad mini-Protein XI gel system. ixtraeelltiXar 
extracts were loaded at X5~20jtl per lane, without 
estimating protein concentration. Voltage was feept 
below 200 volts during elect f opIiOresis - 

20 Proteiss were transferred to nitrocellulose* 

using a Biometra sessi-dry Western blot system. 
Nitrocellulose membranes were blocked with 5% (w/v) 
powdered milk for one hour, washed, incubated with 
anti hinsan-PBl polyclonal antibody for between 3 

25 hours to overnight, at dilutions ranging from 1:500 
to 1:750. Membranes were washed and 
pero3ddase~conjugated anti -rabbit IgG was added at a 
final dilution of 1:1000, and incubation continued 
for one hour.. After washing the blots were developed 

30 using an Amersham ECL kit as described by the 
mmmi aoturer . 
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Initial assays showed that strain 1072A 
produced secreted hBDI at levels detectable by 
Western blot, The level of detect ion' was 0<05|ig of 
purified bovine FBI by the BCL protocol employed. 
This secreted PBX was shown to be a dimer since it 
was retained by a 100 hDa cut-off ultrafiltration 
membrane. When strain 1072A and its corresponding 
HSEL variant (1279) were compared, it was found that 
the human Wl was secreted by both. In this 
experiment the final culture/ induction conditions 
were optimised in terms of temperature CO of growth 
and induction period. The two strains showed a 
higher level of P25X synthesis when cultivated at Z2*C 
and then induced for 16 hour® at 30*0, or when 
cultivated and induced at 3G«C, for 16 hours, 



20 

Preparation of a vector for the expression of 

m&MMMhu,m^&gL§L. — 

Ant i stasia is a potent protein inhibitor of 
the blood coagulation factor Xa. Antxstasin (ATS) 

2§ was isolated .from the salivary glands of the Mexican 
leech B.g.e,j5.enteria officinalis (Nutt, S. fefc, , 1988, 
J . Biol. Chexa. , 2M» PP - 10162-10X6?) . The cTMh 
encoding ATS was subsequently isolated and 
characterised by Han, J. H. &t al. (1989, Gene, !!> 

35 pp. 47-57). ATS is an ideal reporter protein for the 
evaluation of the effects of increased levels of FBI 
activity on the folding and formation of proper 
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disulfide bonds in a heterologous protein secreted by 
recombinant ye&st since ATS has 10 disulfide bonds 
which mast be correctly paired in order for the 

5 protein to have biological activity. 

ATS was expressed in yeast using the 
expression vector pKH4a2 (J&cobson, MCA. et ai. , 
1989 , Gene, JUL pp. 5 11-5 16), which contains the 
galactose- inducible GAL1G promoter and the yeast 

IQ MFal pte-pro secretory leader sequence to direct 
secretion of heterologous proteins. The coding 
sequence for ATS was isolated by polymerase chain 
reaction (PCS) methods using subcloned ATS e.B3?A £ torn 
clone X3C-4 <Kan» J. H.. &1 supra) as' safcfctxatfe 

10 and the oligonucleotide primers: 

I, 5 ' ™ ATATG G ATC C TGT C T TTGG ATAAAAGAC AAGGAC 

CATOTGACCeGSGTGT~3 ♦ < SE'Q .ID, HO* : 18 ) 

20 2 . S ? -Tx^TAGGATCCTTATGATAAGCSTGGGATAAGCTT- 3 * 
<SEQ.XB.N0. : 19), 

Both primers contain a BamHI site to facilitate 
subeloning or the PGR product . The first primer 

25 inserts a yeast KE11 yscf endoproteaise cleavage site 
(Lys-Atg) K-terminal to the first amino acid residue 
of mature ATS (the ye&st yscF enotoprotease cleaves on 
the C-termin&l side of the Lys-Arg site in this 
sequence). The PGR product was digested with B&gHI s 

30 gel-purified, and then ligated into BamHI-digesf ed 
jsKH4cs2 to yield pKH4cx2/ATS (K99I) (Figure 8). This 
ussion vector was then used to transform the 
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yeast host strains listed in Table 1 using the 
spheroplast method (Hinneru e.t si. , 1978, supra.) . 

Txansf orssants were selected on synthetic 
solid media lacking leucine <Schultft> L> si &X- , 
1987; Gene, 5,1, pp. 123-133} and streaked for clonal 
isolates which were tjsed in subsequent analyses. 
Strains were preserved by storage at -70 a C in 
synthetic media containing 17% glycerol. 



15 



20 



25 



30 
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5 



T i ii s f o rsfte d * 


Host 




FBI 4 " 


S.fcX&lE 


Strain 


. S..t,r..4.in. 


S.a.s.s.£i.t£ 


960 


239 


JB.Y188 


none 


1105 


X072A 


mum 


&lpha-h3PDI 


tin 


1157 


JRY188 


ySP-hPDI 


1175 


1148 


J.RT188 


hSP~hEBX 


1293 


1279 


XRY188 


aipha-KPDi chdsl; 


1294 


1267 


JRX188 


hSP~hPl5T(HDEl<) 


1295 


1268 


JRT188 


yS P-hPDX (HEEL) 


1177 


1152 


jEties 


yPDI 


1156 






none 


1154 


1.136 


KKX207 


yPiVl~Al 


1155 


1137 


XBY107 


y PS J -A3 



cassettes and strains are described in the 
20 Examples as follows: alpha-liPDI, Example 9; ySP~EFDX 
and hSP-bPBI, Example 10; &SP~hPBI (EEEE) and 
ySP-liPDI<Hl>EL) , Example 11; alpha™bPDI (HEEL ) Example 
12.; yPDI, Example 13; yPSX-Al and yK)X~A3, Example 14, 

25 v 

^Transformed strains contain the K991 ant i stasia 
expression vector. 



30 
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Growth and evaluation of parental and H>X 

5 overpi;odac.gr atl^imJEfiX.. secret i.on..i3i...JJltijilMiB 

The K991-transf ormed parental JRI18S strain 
plus the various transformed derivatives which 
overproduce either yeast or human PBI were evaluated 
for secretion of ant 1 stasia by the following 

10 procedure. The indicated strains were streaked from 
the -70'C frozen glycerol stocks onto leucine-jninus 
synthetic agar plates and grown, for 3 days at 3S*€, 
Culture tubes (18 x 150 saa> containing 5-mL of 3xYSH.B 
[60g Eifco yeast extract, 30g HySoy peptone, 48g 
glucose per liter] media were inoculated with a small 
loopful of cells and incubated for about 18 hours at 
23°C on a tissue culture roller drusr. At this stage, 
cells were induced by the addition of gaX&ctossa to a 
final concentration of 4.8% (w/v) and the cultures; 

2p were incubated for an additional 5 days at 23* CU 

Cells were then harvested by centrifugal. ion and the 
clarified media supernatant was retained for assay of 
antistasin activity, which was measured by inhibit ion 
of Factor Xa activity [iftatt, £♦ Si. , 1988, 

25 supra] . The . experiment was conducted in triplicate 
and results are summarised in Table 2> 



30 
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Strain »g ATS per 1.0 OB Relative 




ID 



JRI18B 


25 


6 


x 


0 


3Ria88/foSP--hPPX 


24 


4 


0 


95 


JRT18S/ySP~hPDI 


28 


k 


1 


11 


jm88/alpha~hH>I 


7? 


2 


3 


0 


JItn88/yPJ>I 


65 


1 


2 


54 



Bvalution of Anti stasia Secretion by JRT188 and 
related Strains which Overproduce SDBL mt&nt version 

.«£ temii 

The K991~transformed JRX1S8 and transformed 
derivative strains which overproduce the EDEL mutant 
version of hxm&xx PDX with the three different 
secretory leaders were grown as described in £:*as*ple 
17 and the clarif ied saedia supernatant s were 
evaluated for the levels of secreted ATS by the 
Factor Xa inhibition assay as described in Example 
17. The results are presented in Table 3. 



30 
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Strain 



»g ATS pet 1.0 OD 



10 

JRY188 18.0 

JRY188/hS*~h?X>I (EDEL) 2 7 - 5 

15 JRI;X88/ySP-.hPBl<HDED 29.3 

JRY188 / al pha ~hPBX <HDEL ) 31.3 



Relative 





1.0 
1,53 
1-63 
1.74 



Seetetion of Ant i stasia by yeast strain KEY 107 and 

25 Itci'/Hl^S which , _~ yean 

The K991~transformed KEI107 and its 
transformed derivatives which overproduce yeast FBI 
were grows up and clarified media stspera&tants were 
evaluated for the levels of secreted ATS by Factor la 
30 inhibition assay as described in Example 17. The 
results are summarised in Table 4. 
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5 



Strain 

KHX107 AI 
10 KHY107 A2 
Mill 07 A3 

K-Yl A I 
K-Yl A2 
j 5 K»Tl A3 

&~Y3 Al 
K-X3 A2 
K«I3 A3 

20 

Ml is KHYX07 with multiple copies SAL-yPBI at KM3 . 
H3 is Km 07 with single copy GAL-yPBX at HEA3 , 
Al, A2, and A3 refer to different clonal isolates of 
the indicated strain evaluated in parallel. 
25 Over express ion of yeast FBI results in 4-fold higher 
secretion of ATS activity on a pet cell basis, and 
about 9-fold higher secretion on volumetric basic for 
isolate K-Y3-AI. 

30 



ATSCag/L) MSIl ATS A* 0 

0.314 23,9 0.013 

0.-244 24,5 0.010 

0,334 25.5 0,013 

1.168 24.8 0,047 

1.469 21.8 0*067 

1,483 25.3 0,059 

3.856 39,0 0,099 

2.144 51,2 0,042 

1.920 48,0 0.040 
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Construction of yeast host strains which overproduce 

5 either yeast FBI or hwmrt Wl from a emit i copy 

plasmid -~~ - 

The multicopy yeast shuttle vector TEp24 
(Botsterrs D et a>< 1979, Gene , 8 . pp 17-24} 
contains the yeast 2-sicron SNA origin of replication 

10 and the yeast DM3 gene for selection on pracii-mines 
synthetic media. TEp24 was digested with BamHX and 
the resulting 7.8 hop BamBX vector fragment was 
gel-purified (fragment a>, The plasmia 
ptTClS-GALlOp-yPDX-ABElt <#10X5> was digested with 

15 MM. MI, and the resulting 2.8 khp 

mm-Sphl fragment hearing the £lALlOp---yFI)l--Mlt 
expression cassette was gel purified (fragment ». 
Plasffiid pTJKClfil was digested with iMHl plus HijadlXI 
and the 2.8 hbp EcoRl~-HisdlXI fragment bearing the 

aQ GAX>lp~~HFal p re-pro— human PDX expression cassette 
was gel purified (fragment c). The above three 
fragments were made flush-ended and then ligated 
together as follows; (1) vector fragment & and 
fragment b were ligated together to yield the piasmid 

25 IEp24 .GALiOp-yPlTl (figure 9>; (2) vector fragment a 
and fragment c were ligated together to yield the 
plasmid IBp24-GA.Lip~Ml'o;-4iPl!T (Figure 10). 
Large-scale CsCi preparations of the two resulting 
plasm id DMAs were made. In two separate 

30 transformation reactions, the yeast strain JRY188 was 
cotransf ormed with the ATS expression vector £991 
(Example 16} and either Ylp2 4 ~GALlGp---y PDI or 
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YBp24~GAL: p~HFo -fcFBl . Transf ortaant s containing both 
plassuds were selected on synthetic media lacking 
both leucine and uracil and isolated single colonies 

§ were restreaked on the same media for selection of 

clonal isolates. Five sucb clonal isolates for each 
of the two original ^transformations were inoculated 
into 5 ml of SxYEBB medium in culture tubes and 
incubated for 24 hr at 23*C in a tissue culture 

U roller drum. At the end of that time, galactose was 
added to a final concentration of 4>S% and the 
cultures were incubated for an additional 5 days at 
23»C> Cell were removed by eentr if ugation and the 
clarified media supernatant s were assayed for the 

X5 levels of ATS activity by the Factor Xa inhibition 
assay. The c onttansf ormants which contained the 
YEu24~GAL10p~yPBl plasmid pine the ATS expression 
vector showed 3- to 26-fold higher levels of secreted 
ATS activity, depending on the isolate, compared to 

2Q the parental JKTISS strain containing only the ATS 
expression vector. The contransf ormants containing 
the XEp24~GALlp~MFa-hPISX plasmid plus the ATS 
expression vector showed 2- to 3-foid higher levels 
of secreted ATS activity compared to the parental 

25 JEY.1B8 strain containing only the ATS expression 
vector , 



Construction and evaluation of yeast host strains 
which overproduce either yeast or human PJDI from the 
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same expression vector used for expression of a 

aeSA.red 0:"^:rviVS ; 0' pvMein 

The S. cexs.Yij.ias S&U and GAL10 genes are 

5 transcribed divergently from a region between the two 
structural genes whs ch contains the divergent GAL1 
and &A.L-10 promoters and a coo<- 
located between the TATA boxes for the two 
promoters. The plasmid pSM2?2 (Johnston, M. and 

30 Davis, R. , 1984, Hoi. Cell. Biol, , 4, pp.1440) 

contains this divergent yea; - * on 

a 0.85 kbp BcoRI-SindXIT fragment (with also an 
internal MmHI site adjacent to the EisdlXI site). 
This promoter fragment was used to construct a 

X5 divergent, promoter cassette vector, py'C-GALi / 1 0 , 
wMefa has the following properties; yeast ML 10 
promoter separated from the yeast. £MX transcription 
terminator (0,35 kbp $&&ZXXX<-$0i fragment) by unique 
I&gRi and &ma.J sites, in that order. Yeast MLl 

2D promoter separated from a second copy of the $MX 

transcription terminator by unique MmHi and Hiad III 
sites. The 3* -end of both AMI terminator elements 
are flanked by Sp.hl sites to allow one to isolate the 
entire divergent promoter expression cassette as an 

25 Sphl fragment. The vector backbone in this plasmid 
is pWClS with the above expression cassette in place 
of the polylinker, 

The plasmid pUG-GALX/10 was digested with 
BamRI and gel-pucif led to generate fragment * The 

30 plasmid pTJKCI&l was digested with BamE! and the 1.9 
kbp lamHX fragment bearing the alpha factor pre-pro 
leader fused in-frame to the mature human FBI coding 
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sequence was gel-purified and ligated to vector 
fragment a, yielding the placid pTJC-GALl/lO-hFBI > in 
which the expression, of the alpha factor 
pre-pro — hPM fusion is -under control of the MU 
promoter < The plasjaid pTJC 18-GALl Op-yPDI -ABH1 1 
(Example 13) was digested with BjjsHX and the 
resulting 1,7 Ebp BjamBX fragment bearing the yeast. 
PM coding sequence was gel-purified and then I i gated 
with vector fragment a s yielding the plasm d 
ptrC-SALI / 10~yPM in which the QM*l promoter directs 
the expression of yeast FDI , These two resulting 
plasmids were then digested with Ifi&RX and made 
flush-ended, yielding vector fragments b and e 
tearing tfefi hS$X. and yPDJ cassettes, respectively, 

The ATS expression vector <K991) was 
digested with .pitta mil and the iall-lglXI 
fragment hearing the alpha factor pre~pro leader 
fused in-frame to the coding sequence for mature ATS 
was gel-purified, made f lush-ended * and ligated in 
separate reactions to the two f lush-ended vector 
fragments p and o. The resulting plasmids with the 
correct structure as determined by restriction 
mapping were designated pU'C-GALl/10-hPDI/ATS (Figure 
11) and plTC-GALl/10-yPDl/ATS (Figure 12), 
respectively. These two plasmids were then digested 
with Sj?hl to literate the expression cassettes and 
the fragments bearing either the hPBI- or 
yPM -related expression cassette were ligated with 
the yeast shuttle vector pCI/1 (Rosenberg, S. s& 
1984, Hatnre, 312. pp, 77-80) which had been 
previously digested with .£sjp. This yielded the 
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resulting two plasmids , pCl / l-GALl / 10-hFDX /ATS and 
pCl / l-GALl / 10-yPDX /ATS , in which the ATS and 
.FSl.-r elated expression cassettes were present on the 
same high copy-number vector, under control of the 
GALIO and SA.LI promoters respectively. 

These two expression vectors were then used 
to transform yeast strains JEI1S8, BJ1995, and other 
suitable yeast host strain's. T.tansf ormants were 
selected on leucine-ssinns media and the resulting 
transf : ormants were evaluated for express ion/secretion 
of ATS and FBI as described in the preceding examples. 

The results presented in Table 5 (below) 
clearly show that the isolates which overproduce WW 
secrete several-fold higher levels of antistasin than 
the control strain which contained only pKE4a2/ATS< 
Furthermore, the isolates which overproduce yeast PDX 
secreted 3- to 17-fold higher levels of antistasin 
than the control strain. 



25 
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Isolate I 4,7 

Isolate 2 5.3 

Isolate 3 3.9 

Isolate 4 4,6 

Isolate 5 5,1 



Isolate 1 3.9 
Isolate 2 11.7 
isolate 3 5.8 



Isolate 4 
Isolate 5 
JRI183 control 



26,0 
8.2 
1.5 



30 

*T:Ul<3s for 5 days post -iaduct ion at 23»C. 
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EXAMPLE 22 

Effect of temperature on enhanced ant i stasis secretion 

12 v pdi ov^rp:. ct - - 

Selected isolates of strain JBTI88 
cotransf orxned with the anti stasia expression vector 
$mk®2i&T$ and either XEp24-GAl,lp~-MFa~hPDI or 
YEp2^~oALlOo-yPI)I were evalntated for antistasin 
secretion after growth at either 23 C C or 3G*C. She 
parent, strain JBT18S transformed only with the 
antistasin expression vector was grown in parallel- 
After overnight growth in 3xIEED medium at either 
23 or 30*C> cell cultures were induced fey tna 
addition of galactose to a final concentration of 
4.8% and propagated for an additional five days at 
either 23»C or 30«€, as appropriate. Media samples 
harvested at. 3 to .5 days post- induction were 
evaluated for levels of secreted ant 1st as in by the 
factor la inhibition assay. The results presented in 
Table 6 clearly show that antistasin expression wag 
significantly higher at 23«€ than at 3D*C for all 
isolates over expressing FBI , both at 3 and 5 days 
post-induction . 
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xc . hPSI-l 
hPDX~2 
yPI5X--l 
yPSI~3 

JEfiaa control 

15 

hmi~i 

yH>I-~l 
yP£X~3 
20 JBYI88 control 



23 
23 
23 
23 
23 

30 

30 
30 
30 



3 days 5 days 

0,83 2.11 

1.14 2,68 

5.93 10,25 

3.00 15.92 

0.38 0.65 

0.49 0.47 

0,42 0.47 

2.29 4,65 

2 , 71 2 , 56 

0,34 0.30 



*The various' hPM isolates contained both the 
ant.i stasia expression vector BC99X and 
2 3 lKp24~GALlp-Wct-hPDI , The yFDI isolates contained 
both vector 1391 and X£p24~GAU0p~yPBX , 

Secretion of tick anticoagulant peptide (TAP) by 

Tick anticoagulant peptide (TAP) is a 
potent, highly selective inhibitor of the blood 
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coagulation factor Xa (Waxsar., L. et ai. . , 1990, 
Science, IM. pp. 593-596). TAP is a novel serine 
protease inhibitor isolated from the tick SiMlhicoro::- 
n>ubsf;. TAP is composed of 60 amino acids including 
6 cysteine residues (waxman et &!♦ , 1.990, supra). TAP 
bas been expressed in yeast -using the expression 
vector pKH4-TAP which contains the galactose-inducible 
6 ALIO promoter and the yeast ElM pre~pro secretory 
leader sequence fused in frame to the synthetic gene 
encoding TAP (Beeper, M, j& . 1990, J. Biol, Chem. , 
2M, pp, 17746-17752). This vector contains a slightly 
modified MmX pie-pro leader sequence due to the 
presence of a B&mSX cloning site located at the 
position of amino acid 79 of the pre-pro leader 
(Keeper §£ 1990, supra) > 

A second TAP expression vector, pKH4~3B/TAP s 
was constructed which contains the authentic H IM, 
pre-pro leader sequence fused in-frame to the 
synthetic gene encoding TAP. The plaamid pKB4~TAP 
containing the synthetic TAP gene (Keeper e„t si. , 
1990, supra) was used as the BKA template in a 
polymerase chain reaction (PGR) using, the following 
two oligonucleotide primers in order to modify the 5*~ 
and 3'™ termini of the synthetic TAP gene, 
respectively: 

5 ' -TACAACCGTC TGTGGATCAA- 1 3 (SEQ .ID ,H0 . : 20) and 
5 ! -ACTGGATCCG AATTCAAGCT TAGATGCAAS CGT~3< 
<SEQ.XS.NO. :2i>. 

The PGR reaction was carried out by methods 
well known to those of ordinary skill in the art 
(lonis , M.A. jet 51-, editors, 1990, PGR Protocols : A 
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Guide to Methods and Applications , Academic Press, 
Inc. > San Diego CA) - The resulting PGR product was 
phosphorylated with T4 polynucleotide kinase, 
digested with lajgHI, and then gel-pur if led to yield a 
0,2 hbp biunt-BamHI fragment containing the blunt end 
at the exact 5 5 -end of the TAP coding sequence and a 
cohesive BamHI end on the 3 '-side of the translation 
t e rmi oat i on eodon > 

The vector pKH4-3B (Hofmann, H and Sehultz, 
L.B., 1991, Gene, 101 . $£.105-111} contains a uniqm 
$phl site at the 3* -and of the m.ml pre-pro leader 
coding sequence- pKH4-3B was digested with S&bX* 
made flush-ended by treatment with T4 DM polymerase, 
and then digested with Bglll. The resulting 
blunt-Sglll sector fragment was gel-purified and 
ligated with the aforementioned 0.2 khp hlnnt-BamHI 
TAP fragment to yield the vector pKB4~3B/TAP t 

In separate transformation reactions » the 
yeast strains BJ1995, JRY188, and 119 were 
cotransfomed with the vectors TEp24-GALl0p-yPBX plus 
either pKE4~TAP or pKH4~3B/TAP, Cotransf orwants 
containing both plaamids were selected on synthetic 
medium lacking both leucine and uracil and isolated 
single colonies were restreaked on the same medium 
for selection of clonal isolates , Three such clonal 
isolates for each of the different vector/host 
cotransf ormations were inoculated into 5~mL of 
modified SxLeu" media lacking uracil C5xLeu~u*ra~) and 
containing 41 glucose in culture tubes. The cultures 
were incubated for 24 hours at ,30*C in a tissue 
culture roller drum. At the end of that time, the 
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cells were recovered by centrifugation and 
resuspented in 5 ml- of 5xLeu~TJra~ medium containing 
4% galactose. The resulting cultures were inenbated 
at 30*C for an additional 48 hmts . Cells are then 
removed by cent r if ugat ion and clarified media samples 
evaluated for the levels of secreted TAP by SCX-HPLC 
or Factor J,& inhibition assay (Waxisan si » ,1990, 
supra). As an alternative approach, the recombinant 
yeast cells axe grown for 24 hours at 23*C, induced 
by addition of galactose to 41 final concentration,, 
and then incubated for an additional five days at 
23 a C. Clarified media samples are then ovatatateJ 
f or the levels of secreted TAP as described above. 
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Tuite, Michael JU 
rx, Robert 
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Cerevisiae 




(E) i 
it) Zitt 0706S 

<v) COMPUTER READABLE FG8H? 

S TSPEs Floppy aisle 

I EM .PC compatible 




#1,23 



CimHEOT APPLICATION DATA ; 

(A) APPLICATION NOKBERc 

(B) FILING DATE ; 
CO CLASSIFICATION; 



(vlll) A" 

(A) 

C*J REGISTRATION 
(O 



fix) j ^ , v '.. ^ ' 

(A) TELEPHONE; (9QS) 594-3905 




\mmmm 




(U) MOLSCOLB TYPE: peptide 



10 <xi) sequence description seq ip mm 

lsp Qvs Gly His Cys Lys 

I: S 

(2) IHFOBBATXCM FOE SEQ IP NO? 2; 

(i) 2 1 ><~~ 

3-5 (A) UBNGSlIt 4 a»iao acids 

( B ) TYPE; ataifto acid 

(C) SI&AH»KIS«ESSi single 
■ip) TOmWQti linmv 

(II ) MOLECULE XYFEi peptide 

20 

(si) SEQOMCS XHS8GRXFK08* SSQ IP HO.: 2.; 

His Asp CXu Ls» 



CO I 

<A) UBN&EBj 6 amino acids 
<B) IYPE! amino acid 

(D) TOrOLOCV: li«ear * 

Cli| MOLECULE Tim: peptide 
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JRIPTIOK; SEO ID NO: 3 J 
Trp Oys Qiy Pro Cvs hjs 

i 5 
<2) information FOR SEQ IB SO?** 

(i) SEQUENCE CHARACTERISTICS : 
(A) LENCTH J 10 amino acids 
(g) SI: 
(C) : 
(») ! 

(it) mmmiE TYPE; peptide 



<xi) SEQUENCE DESCRIPTION SEQ W Wthi 

His tyr Ma Pro Trp Cys Sly His Cys Lys 
IS i 5 10 

(2) INFORMATION FOR SEQ IB 3S0;5; 

(i) SEQUENCE CHARACTERISTICS t 

(A ) LENGTH: 30 base pairs 

(B) TYPE : nuc.isic «<*£* 
20 fC) ?T3AJ EI M S; single 

(I)) TOPOLOGY; linear 

Ui) 1 



(xi) SE t v SEQ ID NOsS; 

25 

CXmCACTSA CC&CACCA7G GAGCGTAGAA 
m INFORMATION FOR SEQ ID NO;S? 

(i) SEQBEBCE CHAEACTEBISTIOSs 

(A) LENGTH t 2.6 Esse pair?. 

(B) TfPEi nucleic acid 
(r) S' v t single 
( E ) TOPOLOGY: linear 
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Cxi) SEQUENCE DESCRIPTION; SEQ IB N0;6c 
MfJGCCOCC 3CMSCTTGC SGOCfX 
(a) INFORMATION FOR SEQ ID HO: 7 J 

ii) SEQUENCE CHARACTERISTICS; 

(A) LENGTH i 26 has* pairs 

(B) TYPE s nucleic acid 

(C) STRAFDBBNKSS : ttinxU 
<D) TOPOLOGY; linear 

10 <ii) HOLECULE SXPEJ cWk 

ixi) sequence description* seq id NO;?; 

AGCTGCGOCC GCMGCTTGC GGCCGC 
15 (2) INFORMATION FOR SEQ ID BQsS: 

U ' " (A^l^STH ; 15 Lass pairs 
(8) TO: nucleic add 

(») TOPOLOO?: linear 

20 

<ii) MOLECULE n?E; cDM 

Cxi) SEQUENCE LESCRXEXXON; SEQ IB HO: 8? 
MXXOOTTQA CGCCC 

25 

(2> INFORMATION FOR SEQ IB mm 

U} SEQUENCE CHARACTERISTICS: 
(A) LENGTH ; 1.5 base pairs 
TTH i 

30 CD) TOPOLOGY: linear % 

m 
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Ui) SEQUOTN I ? r.SCI C "ION; SSQ .D®:S: 

TOGOCGGCOT CMC? 15 

(2) INFORMATION FOR SEQ ID NO ; 10; 

*i > St s c " ! n ' l ^ 

(A ) LENGTH J 73 base pairs 
(8) TYX J £ ; nucleic acid 
(0 } ST&ANDE8NESS: single 
(D) TOPOLOGY: linear 

IQ (ii) MOLECULE TFREs cBNA 

Cxi) SEQUENCE DESCRIPTION: SSQ IB NO: 10: 
GATOCACAAA ACAAAATGCT GCGCCGCGCT CTGCTGTGOO TGCCGTOGTC COCCCIGOXG SG 
15 CGCGCCGACC 000 73 
(2) INFORMATION FOR SSQ IB MM l i s 

<i> SEQUENCE CHARACTERISTICS; 

(A) LENGTH? 73 base pairs 

(B) TT1-T0 nncleic aeia 
20 (0) SXOANOEOOOSSc cOngi^ 

(») TOPOLOGY J linear 

( U ) MOLECULE TYTEs cM 



TC0CG00C0T 0000000000 CAOOOCOOAO CAGGGOAGGG 00A0CA0A0C GCGOCGCACC 60 
.ATTTTGTTTT OTG 7 3 

(2) INFORMATION FOR SEQ 10 00:12; 

30 

(A) LENGTH; 88 base pairs 

(B) TYPE ; nucleic acid 
(C> STRANEEBNSSSs single 
(I)} TOPOLOGY £ linear 
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Cxi) SEQUENCE DESCRIPTION; SBQ ID N0;12; 
O&fCCACAM ACM* FQAA CTTTTCTGCT CCTGC JGI £ CI X 60 

C( t CCOCC 88 
(2) INFORMATION FOR SBQ IB 80;13? 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: SB base pairs 

(B) IEEE: nucleic acid 
CO) ST&ANDEDN&SS: single 
CD) TOPOLOGY ; linsar 

Hi) mmmm iype: cbka 

(sci) SEQUENCE BESCRXPTXGXSi SBQ I3B HO? 13 J 
TCGGGGOCGX OGGOGAAAAC AGOAOCAGGG AGGACCATGA CASGACGGCA 60 

CCASCAOAM ACTTCATTTT GTSTfcm 88 
(2) INFORMATION FOR 5EQ ID HOiMi 

JUENCH JAR&CX ERISTICS: 

(A) LENGTH : 91 base pairs 

(B) TYPE i nucleic acid 
CO S ' x N 

<D) TOPOLOGY; linear 

<ii) MOLECULE TYPEt cBHA 

Cxi) SEQUENCE DESCRIPTION t SSQ IX) NO* 14: 
GAOGACCXCG A.GGAOCTGGA AGAA G CAE AO OA GO GAGACA TGGACIGAAGA CGATGACCAG 60 
AAASCTGTGC ACGATGAACT GYAAOSATCC 0 91 
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(2) )>< > N Ktt.l^i 

^ . ;<r< ' r > ; — " - 

, ,h - - pairs 

5 

(0) TOPOLOGY x .xt ear " 
(ii) MOLECULE WJ?£: cONA 

10 ui) sequence wmmims seq id sosist 

MIICGGATO CTTACAGTTC ATOGTGCACA GCTTTCTGGT CASCOICXXC 50 
CTCCGTATC'i QQQ.V J" ■ PIGO'I GGAGG TCGTC 95 

<2) XHF0SM.TXON FOR S1Q X3> &SO n6 ; 
*S U) SEQUENCE CHAMCTE&XSTXCSs. 



(A) LENGTH; 31 fease pairs 

(B) TXPEt nucleic acid 

<D) TOPOLOGY; linear 



(ii) 



eGNA 



ixi) !3 I LTPTI fs < XI m j!6; 



G.ATCCACA&.A ACAAAATGAA GTITTCTGCT G 



31 



{2} IHFORM.TION FOR SSQ ID GO; 17; 




3D 



Cii) MOLECGIG TYPE, cWfe 
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<xi> SEQUENCE DESCRIPTION; SEQ ID NO : 17; 

GCACCACCAG AAAAOTTC&T TTTGTTTTGT G 31 

(2) INFORMATION FOR SEQ IB 380:18: 

(i) SEQUENCE GH A R A G TERIST ICS : 
GA> LENGTH: 51 base paSrs 

(B) TtfEi nucleic sc. id 

(C) STMNBEBKESS: single 
(I)) TOPOLOGY: linear 

(ii) MOLECULE Tn>E: cDNA 



(xi> SEO' 1 OPTION; SEQ IBKOJlE: 

atatgga1cc xgtc'xitgga 1maagagm ggaccaittg gacccgooto x si 
15 (2) information for s&q id n»s19: 
<1) sequence characteristics: 

(A) LENGTH; 34 base pair;; 

(B) T5TE: smcleic aciG 
SXR EDMS 

<») TOEOLOGYj linear 

20 

(II) HOLECULS TTEE; sDNA 



(xi) SEQUENCE OSS CP: 1ST ION : SEQ ID 80:19? 

v CAAG CGTGGGATAA CCTT 34 
? FOR SEQ ID NOi 20: 

<oll^ IRiSTXCS: 
(A) LENGTH : 20 base gaisrs 
(S) TYPE s nucleic acid 
( C > STGAN 0EDNS55 : s in? i - 
G s linear 

30 

(ii) MOLEC0LS T'fFE : cDNA 
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rip v o mnzt 

TAGAACCGTC XSICC&TCM 

(2) XNFOSMAXIOH FOE SBC. JB HO:21i 

: CHARACTERISTICS ; 
33 base pairs 




I DESCRIPTION t SEQ IB HO; 21 J 
3 AATTCAAGCX T&Q&TSCMG CGX 



20 



25 



30 
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1, A process for producing disuifi de-bonded 
recombinant proteins, comprising; 

(a) expressing recombinant protein 
disulfide isomer as e in a recombinant 
host; and 

(b) expressing one or more recombinant 
genes encoding one or more disulfide 
bonded proteins in the recombinant host- 

2, The process according to Claim 1, wherein the 
recombinant host producing the ensyme protein 
disulfide isomerase in step <a) contains one or -store 
copies of a recombinant expression cassette encoding 
the enzyme protein disulfide isomerase. 

3, The process according to Claim Z, wherein the 
expression cassettes encoding protein disulfide 
isomerase are integrated into the host ceil genome, 

4, The process according to Claim 2, wherein the 
expression cassettes encoding protein disulfide 
isomerase are contained on autonomously replicating 
plasmids . 

5, The process according to Claim 1 wherein the 
recombinant protein disulfide isomer ase is encoded by 
one or more expression cassettes contained on one or 
more piasmids, and the recombinant genes encoding one 
or more disulfide bonded proteins are contained on 
one or more pi a s ss i d s , 
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6- The process according to Claim 1 wherein the 
recombinant protein disulfide isomerase is encoded by 
one or more expression cassettes contained on one or 
5 more plasmids, and the recombinant genes encoding one 
or more disulfide bonded proteins are integrated into 
the host ceil genome. 

7. The process according to Claim 1 -wherein the 
IQ recombinant genes encoding one or more disulfide 

bonded proteins of step (h> are integrated into the 
host cell genome » 

8, The process according to Claim 5 wherein the 
i5 expression cassettes encoding the protein disulfide 

isomerase and the recombinant genes are contained on 
the same plasmid. 

9, The process according; to Claim X wherein the 
20 recombinant host of step (a) is mammalian. 

10. The. process according to Claim 1 wherein the 
recombinant host of step (a) is yeast. 

2S 11. The process according to Claim 10 wherein 

the yeast is a strain of species of the families 
Saecharomycetaceae or Cryptoeoceaceae , 

12. The process according to Claim 11 wherein 
30 the yeast is a species of the genus $££$hMVW,<;%®, - 



13. The process according to Claim 12 wherein 
the ^east is s.ammy % \x.%v±&ia& 
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14 . The process according to Claim 1 wherein the 
recombinant gene of step (b) is ant i stasia. 

15. The process according to Claim 1 wherein the 
recombinant gene of step <b> is tick anticogulant 
protein. 

16. The process according to Claim 1 wherein the 
recombinant protein disulfide isomerase is yeast 
Protein disulfide isomerase. 

17. The process according to Claim 1 wherein the 
recombinant protein disulfide isomer ase is a 
mammalian protein disulfide isomerase. 

18. The process according to Claim 17 wherein 
the recombinant protein disnlf ide isomerase is hxm&n 
protein disulfide isomerase, 

19. A process for producing a disulfide bonded 
recombinant protein, comprising; 

(a) producing recombinant protein disulfide 
isomerase in a recombinant yeast host cell; aud 

<b>- expressing one or more recombinant 
genes encoding one or more secreted disulfide bonded 
proteins in the recombinant host. 

20. The process according the Claim 19 wherein 
the recombinant protein disulfide isomerase is yeast 
protein disulfide isomerase. 
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21 . The process according to Claim 19 wherein 
the recombinant protein, disulfide isomer&se is 
masmialian protein disulfide isomerase . 

S 

22, The process according to Claim 21 therein 
the recombinant protein disulfide isomerase is human 
protein disulfide isosrerase. 

l0 23* The process according to Claim 19, wherein 

the recombinant yeast host, producing the enxyme 
protein disulfide i some rase in step (a) contains one 
or .more copies of a recombinant expression cassette 
encoding protein disulfide isomerase. 

15 

24. The process according to Claim 23 wherein 
the expression cassettes encoding protein disulfide 
isomerase are integrated into the yeast host cell 
genome , 

20 

25. The process according the Claim 23 wherein 
the express ion cassettes encoding protein disulfide 
isosaerase are contained on autonomously replicating 
plasmids, 

25 

26. The process according to Claim .19 therein 
the recombinant protein disulfide isomerase is 
encoded by one or rsore expression cassettes contained 
on one or more plasmids, and the recombinant genes 

30 encoding the disuif ide~bonded proteins are contained 
on one or more plasmids. 
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27, The process according to Claim 19 herein 
the express i son cassettes encoding the protein 
disulfide isomerase and the recombinant genes are 
5 contained on the same placid. 

2.8. The process according to Claim 19 wherein 
the recombinant yeast host is grown at a temperature 
less than 30*C for expression of one or more 
i0 disulfide bonded proteins, 

29. The process according to Claim 28 wherein 
the recombinant yeast is grown at & temperature 
between approximately 20*C to 26 «C for expression of 

xs one or more disulf ide-bonded proteins. 

30. the process according to Claim 29 wherein 
the disulfide-feonded protein is antistasin. 

2 q 31, The process according to Claim Z9 wherein 

the disulfide-bonded protein is tick, anticoagulant 
protein. 

32. A strain of the yeast lac,c,ha.ropy,C.ei. 
25 cgrevisiae which produces recombinant protein 

disulfide isomerase, 

33 . The strain of yeast according to Claim 32 
wherein the recombinant protein disulfide isomer ase 

30 is hitman protein disulfide isomer ase < 

34. The strain of yeast according to Claim 32 
wherein the recombinant protein disulfide i gome rase 
is yeast protein disulfide isomerase. 
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